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Overview 
Although bats constitute about one fifth of the ammal species 
1n Australia, as in other countries (Strahan, 1983; Honacki et al, 1982), 
the scientific study of them is a relatively recent phenomenon in this 
country. This appears to be due to four factors: (1) most are not of 
demonstrated economic importance; (2) the fact that they can fly makes 
them difficult to capture alive; (3) many microchiropterans are extra-
ordinarily similar to each other, which has made the identification of 
species difficult; (4) many microchiropterans are difficult to keep in 
captivity. 
The only significant ecological study of bats prior to the 
1960s was the work of Ratcliffe (1931, 1932) on the megachiropteran 
genus Pteropus, which sometimes causes significant damage to fruit 
crops. Since Ratcliffe's work most studies on bats have been carried 
out by a few dedicated individuals in universities and museum s, usually 
with very limited funds. Notable among these are the work of 1~elson 
(1964, 1965a and b) on Pteropus, Dv1yer (1963, 1964, 1966 , 968 , 1969 
and others), mainly on Miniop~erus and Kitchener and his colleagues on 
various microchiropterans (Kitchener, 1973, 1975, 1976b; Kitchener and 
Halse, 1978; Kitchener and Coster, 1981; Kitchener and Hudson , 1982) . 
Other works of less breadth are reviewed by Hamilton- Smith (1974) and 
Hall (1981). 
v/ork on heropus was f ac i 1 i tated by the relative ease of 
securing animals by shooting, although a reliable me ans of capturing 
such species in quantity alive remains to be developed . Similarly, it 
1s a fairly simple matter to catch large numbers of the cavernicolous 
Miniopterus. However, in temperate Australia microch iropteran species 
which live in caves are the exception, rather than the rule. Most occur 
as small colonies in tree holes. Kitchener and co-workers have put to 
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good use the combined efforts of different collectors accumulated over a 
number of years to carry out studies based on museum specimens of such 
species. This rich source of material, of demonstrated utility for 
certain purposes is, however, not applicable to projects which require 
the routine capture of live bats. Mist-nets have been used for this 
purpose (Lunney et al, 1985; McKenzie and Rolfe, 1986), but there are 
problems associated with their use, the principal one being the necessity 
for relatively frequent checking. The development of light-weight, 
portable harp traps (Tidemann and Woodside, 1978) has facilitated the 
routine capture of microchiropterans by allowing one operator to trap 
many sites concurrently. Their use has rendered some species of bats 
accessible to procedures necessary for ecological studies (those 
contained in this thesis; Phillips and Inwards, 1985; O'Neill and 
Taylor, 1986). 
Some of the taxonomic difficulties with working on microchirop-
terans are best exemplified by the genus Eptesicus in Australia, where 
it was, for a long time, considered to be monotypic. Wood-Jones (1925) 
recognised that there was considerable variation in the size of South 
Australian specimens, but with the exception of Allen (1933), subsequent 
authors have generally referred to only one species (Troughton, 1962; 
Ride, 1970). McKean and his colleagues (McKean et al, 1978; Carpenter 
et al, 1978) attempted to separate congenerics purely on the basis of 
morphology and concluded that there were five species of Eptesicus in 
Australia, one of which had been described by Kitchener (1976a). The 
realisation that there are, in fact, nine biologically distinct species 
(P.R. Baverstock; D.J. Kitchener, personal communications) has come 
only recently and is the culmination of many years' work by collectors 
and taxonomists alike. 
The factor which has clouded this issue from the outset , is the 
amazing morphological similarity which these sibling species bear to 
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each other, although at the genetic level they are quite distinct (Adams 
et al, 1982). Morphological similarity, combined with clinal variation, 
which is present in some, perhaps all, species (Campbell and Kitchener, 
1980; Kitchener and Caputi, 1985; Tidemann, 1986) has produced the 
previous confusion. The extreme morphological similarity which these 
species present is perhaps best demonstrated by the fact that even field 
workers who have handled several thousands of Eptesicus in a relatively 
restricted geographic range still have problems in identifying some indi-
viduals (Tidemann, unpublished observations; W.R. Phillips, personal 
communication). 
The tendency of congeneric microchiropterans to be morpholo-
gically similar has led to some untoward effects as several studies of 
bats have been compromised by subsequent taxonomic uncertainty. Green 
and Rainbird (1984) considered that they were able to 'salvage' most of 
the earlier work of Green (1965) on Eptesicus in Tasmania, but it is 
unfortunate that the study of Kitchener (1973) was subsequently found to 
refer to undistinguished sibling species of Ta phozous (K itchener, 1980). 
An obvious conclusion is that adequate taxonomic infonnation 1s an 
essential prerequisite to the study of such animals. At the inception 
of the work described in this thesis the status of Eptes i cus was still 
quite unclear. It was for this reason that the initial systematic 
clarification was undertaken (Tidemann et al , 1981) . 
Tidemann et al (1981) confined their study to a restricted area 
where the three species E.vultur>nus, E. Pegul us and E.sagittul a were 
sympatric. They were, consequently, able to demonstrate the biological 
individuality of these species at the genetic level, even in a situation 
where they were potentially capable of interbreeding. The study was not 
extended further because of limited time and funds, but it did serve a 
useful function as a basis for further work on Eptesicus in that , region. 
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The work on Chalinolobus gouldii (Tidemann, 1986) in many ways 
was a natural flow on from the taxonomic study of Eptesicus, but 
\ 
provides an interesting contrast to it. Eptesicus is a highly 
speciated genus, suggesting its members to be of low mobility or low 
adaptability, or both. By contrast, C.gouldii is highly mobile and 
adaptable enough to occupy a very wide range of habitats, including some 
offshore islands. By virtue of this fact it was possible to investigate 
some of the effects of climate on morphological characteristics, the 
consequent variation of which has undoubtedly contributed to taxonomic 
confusion in other species. Fortunately, much of this is being resolved 
by other revisionary studies (Kitchener and Caputi, 1985; Kitchener 
et al, 1986). 
Apart from the work of Dwyer and Kitchener .already discussed, 
studies of reproduction in microchiropterans have been few. Two other 
studies of Miniopterus have been made (Richardson, 1977; Wallace, 1978) 
and some infonnation on reproduction in Eptesicus was provided by Green 
(1965) and Maddock and McLeod (1976). Kitchener (1975) demonstrated 
that reproduction in the temperate zone vespertilionid, Chalinol obus 
gouldii followed a pattern essentially similar to that which was known 
to occur in females of nothern hemisphere species (W imsatt, 1969; 
Carter, 1970) and Kitchener and Halse (1978) showed that the same 
pattern was also common to E.regulus. However, some interesting 
additional infonnation on reproduction in spenn-storing species has 
emerged as a result of field-workers being able to catch animals on a 
regular basis. In particular, infonnation on activity (Tidemann, 1982; 
Phillips and Inwards, 1985) and brown adipose tissue cycles (Tidemann, 
1982) has led to a refinement of our knowledge of these animals (Phillips 
and Inwards, 1985; Tidemann, Reproduction in Eptesicus unpublished). 
The final paper presented in this thesis (Tidemann and, Flavel, 
1n press) arose from a need to know something of the social organization 
1 X 
of tree hole bats and a concern for their dwindling roost habitat. It 
was hoped also that infonnation might be generated on their foraging 
ranges by radio-tracking, as has been used for other cavernicolous 
species (for example Stebbings, 1982 ; Tidemann et al, 1985). The 
study was only partly successful. Although it is possible to routinely 
trap tree hole bats, many basic biological functions occur within the 
roost confines where they cannot be observed. Radio-tracking is 
feasible, but requires an enormous expenditure of man-hours and, because 
of the size of the bats, can only be carried out over very short 
distances. Perhaps one of the most significant results of this project 
was the realization that a more cost effective way of gaining the 
desired infonnation would be to lure bats into artificial roosts, where 
they would be accessible to examination, banding and radio-tagging. 
Such a project has been set up. 
The other difficulty faced by students of microchiropterans is 
that the animals are difficult to keep in captivity, at least in semi-
natural conditions. A few species adapt well and will breed under these 
conditions (Rasweiler, 1977; Phillips and Inwards, 1985), but many 
others do not. None of the three Eptesicus species did so, although 
they can be kept alive for some time (Hall, 1982a; Tidemann, 
Reproduction in Eptesicus, unpublished). Perhaps the solution is to 
keep them 1n a situation where natural food can be provided (Hall, 
1982b). 
This overview has been slanted strongly towards the Australian 
situation. This does not imply any sort of parochialism, but is 
intended merely to illustrate a regional dearth of knowledge of these 
important and interesting mammals. Whilst this body of work has made 
some contributions to information, perhaps as importantly, it will serve 
to illustrate some of the pitfalls associated with the study of- bats and 
some recipes whereby future researchers could avoid them. 
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Taxonomic Separation of Eptesicus 
( Chiroptera : Vespertilionidae) in 
South-Eastern Australia by 
Discriminant Analysis and Electrophoresis 
C R. Tidemann-\ D. P. Woodside\ M . Adams8 and P. R. Baverstock8 
AZoology Depatment. Australian National University, Canberra, A.C.T. 2600. 
8 Institute of Medical and Veterinary Science. Frome Road , Adelaide, S.A. 5000. 
A bstracr 
Eptesicus from south-eastern New South Wales and the Australian Capital Territo ry were used in a 
combination of multivariate (discriminant) analysis of skeletal dimensions and isozyme electropho resis 
of liver, plasma and red cell proteins. Both techniques separated the bats unequivoca lly into three 
groups. The groups identified by discriminant analysis were the same as those derived by the elec-
trophoretic meth od and almost certainly belong to distinct biological species. for even when th ey occur 
sympatrically there are man y fixed gene differences between them . The three gro ups are shown to 
correspond to the species £. vulrurnus. E. regulus and £. sagi{{ufa. Structural differences between th ese 
species and methods of identifying them are disc ussed. 
Introduction 
McKean et al. (1978) examined an Australia-wide series of museum specimens 
of Eptesicus and concluded, primarily on the basis of baculum type. that there 
were five species. Two of these,£. douglasi Kitchener, 1976, and£. pumilus pumilus 
Gray, 1841 (and a subspecies, £. p. caurinus Thomas, 1914), were shown to be 
largely restricted to northern Australia and to roost in caves. In south-eastern Aus-
tra lia, they found three forest species: £. vulturnus Thomas, 1914, £. regulus 
Thomas, 1906 and E. sagittula McKean, Richards & Price, 1978 . The species dif-
ferences reported by these authors were not, however. useful for identifying female 
Eptesicus or living animals. 
Carpenter et al. ( 1978) further examined the Eptesicus complex in Australia, 
using multivariate analysis of various skeletal measurements to quantify the pecies 
separation of McKean et al. ( 1978). Their findings showed that the groupings of 
male Eptesicus. derived by consideration of baculum and skull shape alone. also 
exhibited consistent differences in other skel_etal dimensions. Analy is of measure-
ments of female specimens allowed only approximate identification with the com-
parable male groups, and doubt existed in some cases, because the original 
groupings had been based mainly on a male secondary sexual characteristic. 
In 1976 we began ecological studies of forest Eptesicus on the south coa t of 
New South Wales and in the Australian Capital Territory. The a nimals trapped 
in this area fell into three groups that differed primarily in forearm ize . Correlated 
with this were minor differences in fur colour, body weight a nd facial a ppearance. 
At that time no designation of these groups existed in the taxono mic literat ure 
(Troughton 1962; R ide 1970). We therefore referred to them as groups A, B a nd 
C (in increa ing order of body weight a nd forearm length) a nd et out to find 
way of cla ifying them more formally. 
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Because our sampling of Eptesicus was conducted over a relatively small geo-
graphic area, it seemed possible that we might the more reliably separate the 
three forms, since confounding geographical variation would be eliminated . To 
this end we have used a combination of multivariate analysis of skeletal dimensions. 
and isozyme electrophoresis of liver, plasma and red cell proteins, to unequivocally 
separate the three forest-dwelling forms of Eptesicus and show that they are almost 
certainly distinct biological species. 
Methods 
Eighty-one .Eptesicus of both sexes were collected in flight with bat-traps (Tidemann and Woodside 
1978). These bats were initially divided into three groups on the basis of forearm length . Group A 
had the smallest forearms, Group C the largest and Group B animals were intermediate in size . 
The bats came from the following localities in New South Wales and the Australian Capital Territory 
(numbers of animals in parentheses) : 
Group A (33): Cobargo (9), Termeil (8), Tallaganda (7), Kowen (5), Kioloa (3), Beecroft ( I). 
Group B (19) : Tallaganda (10), Gudgenby (7) , Bull 's Head (2). 
Group C (29): Bull's Head (15), Gudgenby (5), Tallaganda (5), Kioloa (3), Beecroft (I). 
The collecting localities are shown in Fig. l. 
Bull's Head • 
• Canberra 
~owen ACT f • ~ 
NSW 
Termeil • 
• Tallaganda • Kioloo 
• Gudgenby 
Cobargo • 
0 
Bay 
80 
kilometres 
Fig. 1. Map of part of south-eastern New South Wales and the Australian 
Capital Territory showing locations from which- Eptesicus were collected . 
Collecting points are indicated with a solid circle, other place-names with 
a triangle. 
Animals were taken to Canberra and killed , usually within 24 h of collection. They were weighed 
to the nearest O · I g and right forearms measured to the nearest O · I mm . Livers and plasma were 
removed and immediately frozen on dry ice; erythrocytes were stored in ethylene glycol at - i 5°C. 
Skulls and tissues for other studies were also removed and the bodies stored at - 15 °C. Bacula were 
later extracted from these corpses. 
Skulls were cleaned and 17 dimensions (Fig. 2) were measured to the nearest 0 -01 mm with a 
Wild Sensor electronic measuring device. The terminology used fo r these dimensions fo llows Cockrum 
( 1962) except for skull height, height and width of foramen magnum, and width between pterygoid 
bones (Fig. 2) . 
A total of 36 gene loci were scored electrophoretically from livers, plasma and red cells. The methods 
and results of this work will be described in detail elsewhere. 
2 
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In discriminant analysis the discriminating variables are weighted according to their discriminating 
power and linearly combined so that the taxonomic units or groups are made as statistically distinct 
from each other as possible. Given a particular set of variables, discriminant analysis selects those 
that together give the greatest possible separation. Variables which do not significantly add to the 
13 
10 
17 
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._____ 11 
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Fig. 2. Views of an Epresicus skull hawing measurements which were used in the discriminant analyses : 
1, greatest length of skull; 2, alveolar length of upper canine ; 3, alveolar width of upper canine ; 4, 
zygomatic breadth of skull; 5, interorbital breadth of skull; 6, alveolar length of upper incisor I ; 7, 
alveolar width of upper incisor 1; 8, alveola r length of upper incisor 2 : 9. kull height ; 10, height 
of foramen magnum : 11 , width of foramen magnum: /2 , basilar length of kull : 13, palate length; 
14, length of maxillary tooth row ; 15, length of maxillary cheek teeth : 16, greate t width across upper 
molars; 17, width between pterygoid bones . 
eparating power of the derived linear function are not included in the analy is . Thus it becomes 
possible to decide which of the variables mea ured are u eful in eparating the groups, and what the 
relative contribution of each of these variables i to the analysis . 
Computations for the discriminant analysis were made through the discriminant subprogram of the 
Sta ti tical Package for the Social Science ( ie er al. 1970) on a U nivac- 1100 computer. 
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Three analyses were performed. The first was with the 17 raw skull measurements. weigh t and 
forearm length of each animal; in the second the variables were skull dimensions 2- 17 convened to 
ratios of the greatest length of skull ; and the third included all the variables used in the first two . 
Results 
Isozyme electrophoresis of 36 loci revealed three distinct groups that showed 
many genetic differences. The number of loci showing 'fixed' genetic differences 
between the three groups are shown below: 
E. vulturnus 
E. regulus 
E. sagi ttu la 
E. vu/turnus E. regu lus 
13 
E. sagittu/a 
20 
22 
Many other loci showed extensive gene frequency differences between these groups, 
but such loci would not be diagnostic for the groups . 
Findings on forearm length , body weight and the 17 skull features are sum-
marized in Table 1, and those on the ratios of the skull dimensions are given 
in Table 2. Discriminant analysis of these data again revealed three distinct groups 
(Figs 3, 4). 
The three groups identified by discriminant analysis were totally concordant 
with those derived from the electrophoretic analysis. Consequently, the three 
groups derived by discriminant analysis almost certainly belong to three distinct 
biological species for , even when they occur sympatrically, there are many fixed 
gene differences between them. 
By examining the bacula of males from these three groups, we were also to 
establish that our groups A, B and C corresponded to the species £. vulturnus, 
E. regulus and £. sagillula described by McKean et al. (1978). 
The three species were completely separated by discriminant analys is of raw 
mea urements (Fig. 3), but only 85% of the specimens were correctly assigned to 
their respective groups when skull ratios alone were used . The combination of 
raw measurements and ratios used in the third analysis (Fig. 4) accurately grouped 
all animals and also increased the cohesiveness within groups, thereby increasing 
the discriminatory power of the analysis. 
The standardized discriminant function coefficients of the variables used in the 
first analysi (raw measurements only) and the eigenvalue of both derived functions 
are hown in Table 3. The relative discriminatory power of each variable is pro-
portional to the absolute value of its discriminant function coefficient. The eigen 
value associated with a function is a measure of the relative contribution of that 
function to the total separation of the groups. Consequently, function 1 with an 
eigen value of 17 · 254 contributes much more to the total separation of cases than 
the second function with an eigen value of 1 · 528 . Similarly, forearm contributes 
mo t to function 1, while skull height is the most important variable in function 
2. The combination of variables selected in the analy is is the best available; not 
all the available variables are included , for the pos ible contribution of some, for 
example, body weight and zygomatic breadth of the kull , is minimal. and would 
not give further discrimination. 
Eigen value of the functions and standardized di criminant functi on coefficients 
of the variable selected when both raw measurements and ratios were made avail-
4 
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able differ quite markedly from those in the first analysis (Table 4). More variables 
are included and the relative importance of some is altered. Greater cohesiveness 
within groups is produced because of the additional information contained in the 
new variables. 
Table l. Means and standard errors of forearm, body weight and 17 skull dimensions in three species 
of Eptesicus 
Weight in grams, measurements in millimetres 
E. vulturnus E. regulus E. sagi1tula 
Forearm 28 · 5 ±0·219 33 ·0± O· 221 35 · 6±0 ·217 
Weight 3 -56 ± 0 ·068 4 ·8±0· 300 5 -33 ± 0 · 217 
Greatest length of skull ( 1) 11 · 89 ± 0 · 066 13· 12 ± 0 -074 13·43±0 ·055 
Alveolar length of upper canine (2) 1 ·24± 9·018 1 ·40 ± 0 ·041 I · 51 ±0 ·030 
Alveolar width of upper canine (3) 0-71±0·011 O· 73 ± 0 ·009 O· 79±0 ·008 
Zygomatic breadth of skull ( 4) 7 . 43 ± 0 ·236 8 ·42 ± 0 ·038 8· 17 ± 0 ·423 
Interorbital breadth of skull (5) 3 · 14±0 ·017 3 ·46 ± 0·028 3 · 69 ± 0 ·024 
Alveolar length of upper incisor 1 (6) O· 62 ± 0 ·014 0 -68±0 ·029 O· 79 ± 0 · 15 
Alveolar width of upper incisor I (7) 0-43 ± 0 ·010 0 -40 ± 0 ·015 0 -48 ± 0 ·013 
Alveolar length of upper incisor 2 (8) 0-31 ±0 ·012 0 · 33 ± 0 ·020 O· 37 ± 0 ·023 
Skull height (9) 4-23 ± 0 ·034 4 . 38 ± 0 -070 5 ·00 ± 0·031 
Height of foramen magnum ( 10) 2 ·06 ± 0·032 2 · 12 ± 0 ·034 2 ·28 ± 0 ·034 
Width of foramen magnum ( 11) 3 · 10± 0 -022 3 .45 ±0 ·026 3 ·37 ± 0 · 127 
Basilar length of skull ( 12) 10·04±0 · 141 10 -67 ± 0·076 1 l ·00±0·067 
Palate length (13) 3. 75 ±0·256 3 · 88 ± 0 ·415 4 ·68 ± 0 · 178 
Length of maxillary tooth row (14) 4. 15 ±0·031 4 -34 ± 0 ·057 4 -54±0 · 174 
Length of maxillary cheek teeth ( 15) 3 ·43±0 ·032 3 · 58 ± 0 ·041 3 . 95 ± 0 ·049 
Greatest width across upper molars ( 16) 5 ·05 ±0 ·098 5 · 23 ± 0 ·034 5 -46 ± 0 · 208 
Width between pterygoid bones ( 17) l ·20±0 · 122 1·27 ± 0 · 181 I · 70 ± O· 110 
Table 2. Mean and standard errors of the ratios of skull dimensions 2-17 against greatest length of 
skull in three species of Eptesicus 
Ratio of variable : greatest length of skull E. vulturnus E. regulus E. sagiuula 
Alveolar length of upper canine (2 : 1) 0-104 ± 0 -001 0-106 ± 0 -003 0 · I 12 ± 0 · 002 
Alveolar width of upper canine (3 : 1) O· 059 ± O· 001 0 -056 ± 0-001 O· 059 ± 0 ·001 
Zygomatic breadth of skull ( 4 : 1) 0 -626 ± 0 ·020 O· 642 ± 0 ·004 0 · 609 ± 0 · 03 1 
lnterorbital breadth of skull (5 : 1) O· 264 ± 0 ·002 O· 264 ± 0 ·002 0 · 2 7 5 ± 0 · 002 
Alveolar length of upper incisor I (6 : I) 0 -052 ± 0 -001 0 -051 ± 0 -002 0 ·059 ± 0 ·001 
Alveolar width of upper incisor 1 (7 : I) 0 -036 ± 0 -001 0 ·031 ± 0 -001 0 -036 ± 0 -001 
Alveolar length of upper incisor 2 (8 : I) 0 -026 ± 0 -001 0 -025 ± 0 -002 0 -028 ± O· 002 
Skull height (9 : I) 0 -356 ± 0 -002 0 · 334 ± 0 ·006 0 · 373 ± 0 · 002 
Height of foramen magnum ( 10 : I) 0 · 173 ± 0 ·003 0 · 161 ± 0 ·003 0 - 170 ± 0 ·003 
Width of foramen magnum ( 11 : I) O· 261 ± 0 -001 0 · 263 ± 0 · 003 O· 251 ± 0 ·010 
Basilar length of skull (12 : I) 0 · 844 ± 0 · 0 I 0 0 · 814 ± 0 ·004 0 · 820 ± 0 · 005 
Palate length (13 : I) 0 · 316 ± 0 · 022 0 · 296 ± 0 · 031 0 -349 ± 0 ·013 
Length of maxillary tooth row ( 14 : I) 0 · 349 ± 0 · 003 0 · 330 ± 0 · 003 0 -338 ± 0 ·013 
Length of maxillary cheek teeth ( 15 : I) O· 289 ± O· 003 O· 273 ± O· 002 O· 294 ± O· 004 
Greatest width across upper molars (16 : I) 0 ·425 ± 0 ·008 O· 398 ± O· 002 0 -406 ± 0 ·016 
Width between pterygoid bones ( 17 : I) 0 - 102 ± 0 ·010 0 · 096 ± 0 · 014 0 - 127 ± 0 ·008 
By examination of the discriminant function coefficients in Table 3 and the 
measurements in Tables 1 and 2, it is possible to identify clearly the differences 
between the three species. Variables with the highest discriminating power are : 
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Fig. 3. Plot of discriminant scores obtained from discriminant 
analysis using forearm length, body weight and the 17 skull 
dimensions. Discriminant function coefficients and eigen 
value~ from this analysis are given in Table 3. The-sample 
size of each species is shown. 
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Fig. 4. Plot of discriminant scores obtained from discriminant 
analysis using forearm length, body weight, the 17 skull dimen-
sions and the ratios of skull dimensions 2- 17 against greatest 
length of skull. Discriminant function coefficients and eigen 
values from this analys is are given in Table 4. 
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forearm length, interorbital breadth of skull, skull height, greatest length of skull, 
width of foramen magnum and length of maxillary tooth row. The additional 
contribution of the other variables to the analysis is small. 
Table 3. Standardized discriminant function coefficients of variables 
utilized in the first analysis of skull measurements 1-17, forearm length 
and body weight 
Eigenvalues: function l , 17 · 254 ; function 2, 1-528. The discriminant 
scores from this analysis are shown in Fig. 3 
Variable Function l Function 2 
Forearm 0-52094 -0 -04458 
Greatest length of skull 0 · 12218 - 0 -95425 
Interorbital bread th of skull 0·28489 -0-25496 
Alveolar length of upper incisor l 0 -04922 O· 11194 
Alveolar width of upper incisor l O· 11559 0·09186 
Skull height 0 -07691 l -)2578 
Height of foramen magnum 0 ·05906 O· 10410 
Width of foramen magnum 0 -04642 -0· 74095 
Basilar length of skull -0·08210 0 -00809 
Length of maxillary tooth row -0-02631 0 -67727 
Table 4. Standardized discriminant function coefficients of variables utilized in the third analysis of 
skull measurements 1-17, forearm length, body weight and the ratios of skull measurements 2-17 against 
greatest length of skull 
Eigenvalues : function 1, 22 · 041; function 2, 2 · 830. The discriminant scores for this analysis are shown 
in Fig. 4 
Forearm 
Body weight 
Variable 
Greatest length of skull 
Interorbital breadth of skull 
Alveolar length of upper incisor l 
,\lveolar width of upper incisor I 
Skull height 
Height of foramen magnum 
Basilar length of skull 
Palate length 
Width between pterygoid bones 
Alveolar width upper incisor I : greatest length skull 
Skull height : greatest length skull 
Height of foramen magnum : greatest length skull 
Width of foramen magnum 
Basilar length of skull : greatest length skull 
Palate length : greatest length skull 
Length of maxillary tooth row : greatest length skull 
Width between ectopterygoid bones : greatest length skull 
Function l Function 2 
0 · 50214 0 ·24410 
0·01859 O· 19475 
0-15586 12 ·27194 
0 ·27056 0 ·24300 
0 -04903 - 0 -06609 
- 1-38012 - 2· 19714 
-0 · 25324 - 19 · 85261 
1 ·49463 0·09247 
- 0 · 14620 2·01109 
- I· 17692 I · 56900 
I · 11815 - I · 76979 
I· 60326 2·20319 
0 ·22966 12 ·65143 
- 1 ·40738 - 0-20543 
0 -05934 0 ·62738 
0 ·05305 - 11 -47927 
I · 17583 - 11 · 39317 
- 0 -03 149 - 0 -59 196 
- 1 · 15157 11 · 66252 
In absolute terms, in all these dimensions except for width of foramen magnum, 
sagittufa is larger than regufus , which is larger than vulturnus. But if the proportions 
of these dimensions to greatest length of skull are considered (Table 2) , the picture 
8 
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becomes rather different. E. sagittula has a proportionally broader skull than the 
other two; regulus skulls are flatter (skull height) , and have a wider foramen 
magnum and a shorter maxillary tooth row than vulturnus and sagittula. These 
are the main differences although other trends can be detected. 
Discussion 
Our study has shown that there are at least three biological species of forest-
dwelling Eptesicus in southern Australia. These can be equated with the species 
E. vulturnus, E. regulus and E. sagittula, which were separated on the basis of 
baculum type (McKean et al. 1978). These three species are markedly different 
for gene loci determined electrophoretically, but are difficult to separate structurally 
unless a suite of characters is considered. They can, however, be distinguished 
by multivariate analysis ( e.g. discriminant analysis) of various skull and body 
features , in particular forearm length , interorbital breadth of skull, skull height, 
greatest length of skull, width of foramen magnum and length of maxillary tooth 
row. Additional confirmation by electrophoresis, where possible, would also be 
desirable, although this obviously cannot be done with museum specimens. 
The animals used in this study showed no overlap in forearm length between 
species in individuals of the same sex, so for these 81 animals forearm length could 
have been used as a criterion for species identification. The range of these measure-
ments is shown below: 
Males Females 
E. vulturnus 26 -6- 30 ·0 27 -7- 31 · 5 
E. regulus 31 ·4- 34 · 6 31 -7- 34 ·6 
E. sagittula 34 -9- 36 · 5 35 -0- 37 -6 
However, further trapping in the same areas has revealed some ba ts with forearm 
length which fall within the size range initially determined for a different species. 
We have found this to become increasingly common in areas further afield , par-
ticularly where the three species are not sympatric. 
Although our work supports the conclusions of McKean et al. ( 1978) and Carpen-
ter et al. (1978) in most details, several cautionary points should be made. 
Firstly, it is well known that the bacula of at least some, perhaps all , mammals 
change in shape with age, often quite markedly (Petrides 1950; Wright and Rausch 
1955). For example, McKean and Price ( 1978) concluded that a wide range of 
baculum shapes and sizes of bats in the genus Pjpistrellus in northern Australia 
did not represent different species, and could be accounted for by assuming dif-
ferent growth stages. In the absence of a reliable method of aging specimens doubt 
must attach to identifications based largely on an age-dependent tructure . 
Secondly, the u e of a male secondary sexual characteri tic as the primary species 
separator po es obvious problems for the identification of female s. Carpenter et 
al. ( 1978) noted that females of only the cave-roosting E. pumilus pumilus and 
E. p. caurinus could be identified unambiguou ly by their classification method . 
Misidentifications in unknown proportions would have been made of fem ales in 
each of the three forest species. Thus, the group mean and ranges of measurements 
for females of these species would all be distorted by the inclu ion of wrongly 
identified animals. 
The advantage of the approach adopted in this paper is that the techniques 
u ed are not ex-related, thus eliminating pos ible ambiguity due to -sexu al 
• 
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dimorphism. By comparing results of the structural analysis with those of the bio-
chemical tests we were able to decide unequivocally what the species differences 
were for both sexes, rather than attempting to derive female groupings on the 
basis of male measurements. 
In practice, it is possible to correctly identify live bats of the three forest species 
with fairly high accuracy, at least in the Canberra area, by reference to forearm 
length, fur colour and head shape. Eptesicus regulus has a much more flattened 
skull than the other two species (Table 2), which results in bats of this species 
having a more flattened facial appearance with a less steep forehead than £. sagit-
tula and £. vulturnus. McKean et al. (1978) noted that E. sagittula tended to have 
darker wing membranes and fur than the others, and we also have found this 
to be so. Hall and Richards ( 1979) used the external features of fur colour and 
the size of the calcaneal lobe to identify species of Eptesicus, but they included 
the proviso that identifications should be checked by use of skeletal characters. 
As already mentioned, forearm lengths of the three forest species tend to fall 
into different size classes, although caution should be exercised in the use of this 
character to identify bats. We have found that the degree of overlap in forearm 
size between species is less in areas where they are sympatric than in specimens 
from allopatric populations. 
According to some models, maximal differences between sibling species might 
be expected where they are sympatric. It has been suggested that differences in 
body size facilitate coexistence among congeners by permitting differential utiliza-
tion of resources (Hutchinson 1959; Wilson 1975). From our own obstrvations 
(Tidemann and Woodside, unpublished) and a comparison of the findings reported 
in this study with the measurements given by McKean et al. ( 1978) it appears 
that such size partitioning may occur in the three forest-dwelling species of 
Eptesicus. It is also possible that size differences of this sort are simply due to 
geographical variation within each species. Further study of a wider range of speci-
mens is necessary in order to clarify this point. 
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Abstract 
Univariate and bivariate analyses were used to demonstrate that C. gouldii increases in size from north 
to south and, to a lesser extent, from west to east. There is little difference between the sexes in most 
dimensions. Although significant differences exist between anima!s from localities widely separated 
geographically, multivariate analyses suggest that C. gouldii once occurred over most of mainland Australia, 
Tasmania, Norfolk I. and New Caledonia. The species appears to have become extinct or very rare in 
recent times on Norfolk I.; the possibility of re-introduction is discussed. 
Introduction 
Chalinolobus gouldii was originally described as Scotophilus gouldii by Gray (1841). 
There are inaccuracies in Gray's description, but Thomas (1905) attempted to resolve these 
and considered that the evidence indicated that the type (BMNH 41.1516) had come from 
Launceston in Tasmania. Thomas (1908) later described a subspecies, C. gouldii venatoris, 
from the Northern Territory of Australia, as a smaller and darker form than southern 
C. g. gouldii. Revilliod (1914) described C. neocaledonicus as a full species from New 
Caledonia, although he compared it mainly with the northern C. nigrogriseus and with 
C. gouldii from southern Australia. Tate (1942) observed that C. g. venatoris differed little 
from C. g. gouldii but reserved judgment on C. neocaledonicus. Koopman (1971) subsequently 
re-examined specimens of C. neocaledonicus and concluded that they represented a subspecies 
of C. gouldii, most closely related to C. gouldii venatoris from northern Australia. 
The identification of C. gouldii from Norfolk I. appears to be based on one animal collected 
on the island in 1915 (Trough ton 1922). Trough ton commented that the animal he examined 
did not differ markedly from mainland sp-ecimens. I became interested in the Chalinolobus 
which had occurred on Norfolk I. when the results of a search for bats in 1983 suggested 
that they had become extremely rare or extinct there in recent times (Gordon 1984). In view 
of the recent discovery of several sibling species among Australian bats (Adams et al. 1982; 
Kitchener and Caputi 1985), the relative isolation of Norfolk I. and the fact that the 
determination appeared to be based on only one animal, I considered it worthwhile to re-
examine the identity of the island populations of Chalinolobus. My primary aim was to establish 
the identity of the bat which had occurred on Norfolk I., as a first step towards management 
or, possibly, re-introduction. 
In the Australian Museum I was able to examine Troughton's 1915 animal and three others, 
which also had been collected on Norfolk I. I compared them with bats of the gouldii group 
from various localities on the Australian mainland, Tasmania and New Caledonia. 
0004-959X/ 86/ 040503$02.00 
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Materials and Methods 
The bulk of specimens examined are held in the Australian National Wildlife Collection, Division 
of Wildlife and Rangelands Research, CS! RO, Canberra. Others were from: the Australian Museum, 
Sydney; Museum of Victoria, Melbourne; Queen Victoria Museum, Launceston; British Museum (Natural 
History}, London; the Zoology Department collection at the Australian National University, Canberra. 
In all, 88 museum specimens of adult bats were examined . They were collected al the following localities 
(arranged in order of increasing latitude) : Wave Hill, N.T., 6a, 39; Border Waterhole, N.T., 
Ia, 29; Mt Isa, Qld, 2a, 59; New Caledonia, la, 79; Alice Springs, N .T., la, 79; Morven, 
Qld, la, 29; Washpool Forest, N.S .W . , 3a; Norfolk I., 2a, 29; Karonie, W.A., 2a, 49; 
Picton, N.S.W . , 2a, 29; Little Desert, Vic., 3a, 39; Melbourne, Vic., 4a, 59; Tasmania, Sa, 59. 
Isolated individuals from Lake Urana, Toganmain, Bonalbo and Fowlers Gap in New South Wales and 
from Canberra, A.C.T., were also studied. A complete list of specimens examined, and their lodgment, 
is given in Appendix I. Localities from which three or more specimens were used are shown in Fig. 1. 
Mt Isa • 
......................................................... ·--·····-·-·-.. -···-·-···-·-............... __ _ 
Ahce Springs • 
Morven • 
Lottie DesM 
• 
Plcton • 
Tasman,•V 
New CaledOno~ 
Norfolk I. • 
Fig. 1. Collecting localities from which three or more individual Chalinolobus were examined. 
Other localities are detailed in the text. · · · · .. . Tropic of Capricorn. 
The skulls of these animals were extracted and cleaned and measurements of these and of wing dimensions 
were made to the nearest O· 1 mm with dial calipers. Fourteen skull and 11 wing dimensions were measured 
(Fig. 2) . These characters were chosen because of their presumed importance to bats in an ecological 
sense (for example, trophic apparatus and wing structure) . 
Fig. 2. Measurements taken from Chalinolobus specimens and used in the analyses (in parentheses, 
abbreviations used in the text): /, forearm; 2, third metacarpel (THIRDMET); 3, third metacarpal phalanx 
1 (MJPHALI); 4, third metacarpal phalanx 2 (MJPHAL2); 5, third metacarpal phalanx 3 (MJPHALJ); 6, fourth 
metacarpal (FTHMETA); 7, fourth metacarpal phalanx I (M4PHALI); 8, fourth metacarpal phalanx 2 
(M4PHAL2); 9, fifth metacarpal (FIFMETA); JO, fifth metacarpal phalanx I (M5PHALI); //, fifth metacarpal 
phalanx 2 (M5PHAL2) ; /2, greatest length of skull (SKULL E) ; 13, length of maxillary tooth row (MAXLE); 
/4, basal length of skull (BASLE); / 5, palate length (PALLE); /6, maximum width across upper molars 
(MOLWID}; /7, width across upper canines (CANWID); /8, length of auditory bulla (BULLE); /9, interorbital 
breadth (INTBR); 20, zygomatic breadth (ZYGBR); 21, height of braincase (BRAINHT); 22, maximum height 
of skull (SKULLHT); 23, length of dentary (DENTLE); 24, moment arm of superficial masseter (SUPMASS); 
25, moment of arm of medial temporalis (MEDTEMP). 
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Univariate and multivariate analyses were performed by means of SPSS (Nie et al. 1975) . Differences 
between the sexes in wing and skull dimensions of the whole sample were examined by one-way analysis 
of variance. Geographical differences in wing and skull dimensions were examined by one-way analysis 
of variance of bats from Wave Hill, New Caledonia, Norfolk I., Melbourne and Tasmania . Wing and 
skull dimensions were regressed separately on latitude and longitude for all individuals, and for animals 
other than those from Norfolk I., New Caledonia and Karonie, on longitude. 
Stepwise discriminant function analysis based on wing characters only was used to attempt to separate 
bats from the five locations: Wave Hill, New Caledonia, Norfolk I., Melbourne and Tasmania. 
Bats from elsewhere on the mainland were then plotted in discriminant space based on the canonical 
discriminant functions derived from this analysis. The same procedure was repeated with skull characters 
only, and then with wing and skull characters together. Ten of the 40 animals from the five nominated 
subpopulations (Wave Hill, New Caledonia, etc.) were then randomly excluded from the analysis 
(Wave Hill, 2; New Caledonia, 3; Melbourne, 3; Tasmania, 2). These random exclusions were plotted, 
together with animals from elsewhere on the mainland, on the basis of the newly derived canonical 
discriminant functions. 
Results 
Table 1. Summary of differences between 39 male and 50 female C. gouldii 
Values are means ± standard deviations; significance from analysis of variance; 
NS not significant. For identification of characters, see Fig. 2 
Character Males Females Significance 
Wing 
l. FOREARM 42·97 ± 2·92 42 · 27 ± 3 ·06 NS 
2. THIRDMET 42 · 88 ± 3 ·06 41 · 31 ±3 ·09 NS 
3. MJPHALI 17 ·69 ± l · 38 16·95±1 ·93 P<0·05 
4. MJPHAL2 14 ·42±0·97 14 · 17 ± l ·46 NS 
5. MJPHALJ 8 ·09± I · 20 7·78 ± l · 66 NS 
6. fTHMETA 41 ·08 ± 3 ·08 40·61 ± 3 · 14 NS 
7. M4PHALI 15·04±1·31 14 ·55±1·36 NS 
8. M4PHAL2 10·73 ± l ·02 10 · 37±1 ·24 NS 
9. FIFMETA 38 ·61 ±2·61 38 ·05±2 ·58 NS 
10. M5PHALI 9·78±0·82 9·67 ± 0 · 88 NS 
11 . M5PHAL2 7·65 ±0 ·68 7 · 39±0 ·85 NS 
Skull 
12. SKULLE 14·38±0 ·65 14 · 41 ± 0·67 NS 
13. MAXLE 5 ·67 ±0·22 5 ·70±0 · 26 NS 
14. BASLE 10·90±0·57 11 ·03 ± 0 · 59 NS 
15. PALLE 5 · 23 ±0· 35 5·19 ± 0·33 NS 
16. MOLWID 7· 16±0 · 34 7 · 16±0 · 30 NS 
17. CANWID 5 · 28 ±0·23 5 ·28 ±0 · 30 NS 
18. BULLE 3 · 61 ±0 · 20 3 ·63 ± 0·26 NS 
19 . INTBR 4·71 ±0 · 22 4 ·68 ± 0 · 21 NS 
20. ZYGBR 10 ·65±0·43 10 · 65 ± O· 50 NS 
21. BRAINHT 6·00±0·36 5 · 98 ± O· 32 NS 
22 . SKULLHT 8·01 ±0·52 7 ·90 ± 0 · 47 NS 
23. DENTL E 11 · 38 ± O· 54 11 · 46 ± 0 · 48 NS 
24. SUPMASS 2 ·41 ± 0·14 2 ·46 ± 0· 13 NS 
25 . MEDTE MP 3 ·44±0 · 14 3 ·45 ± 0 · 20 NS 
Univariate and Bivariate Analyses 
Males were slightly larger than fem ales in all wing dimensions, but the differences were 
not significant, except for M3PHALI. The sexes differed little in skull dimensions and none 
of the differences were significant (Table 1 ) . Sexes were combined in further analyses . 
< 
Ill 
'"1 
ii> ' 
Table 2. Summary of variation between five subpopulations of C. gouldii, sexes combined = 0 
:::, 
Values are means± standard deviations. Significance from one-way ANOYA: **P < 0·01; ***P < 0·001; NS not significant 
:::, 
CJ 
Character Wave Hill New Caledonia Norfolk I. Melbourne Tasmania Significance ~ ~ 
--. :::s 
0 
Wing 1. FOREARM 39·04± 1 · 15 37·50±0 · 96 42 · 35 ± 0 · 58 44.83 ± 1 · 53 45 ·66 ± 1 · 14 ••• --0 
2. THIRDMET 37 ·93±1·30 36·00 ± 0 · 96 40·97 ±0· 37 44 · 32 ± 1 · 14 43 · 82 ± 1 · 73 ••• 
C)-
s;:: 
c.,, 
3. M3PHALI 16· 42 ± 0 ·46 14·45 ±0·48 17 · 57 ±0·62 18 ·61 ± 1 · 24 18·51 ±0·74 ••• OQ 
11 · 50 ± 0·45 13 ·30±0·29 14 ·65 ± 1 ·05 
0 
4. M3PHAL2 13 ·78±0 · 57 14·67±0·58 ••• s;:: 
--5. M3PHAL3 6 ·76±0·75 6·00± 1 ·28 8·27 ±0·40 7 · 92 ±0· 85 8·73±0 · 68 ••• t::l. -. 
-. 
6. FTHMETA 37 ·20± 1 ·24 35 · 11±1·01 40·55±0·61 43 · 38 ± l · 30 43 ·03 ± 1 ·62 ••• 
7. M4PHALI 13 · 57 ±0·44 12 · 67 ±0·39 14· 70 ± 0·60 15 ·69±0·72 15·43±1 · 05 ••• 
8. M4PHAL2 10 ·07 ±0· 54 9 ·32±1·75 9·92 ± 1 · 60 10·48 ± 1 ·26 10·94± 1 ·08 NS 
9. FIFMETA 34· 96 ± 0·92 33 ·93 ±0·69 39·55±0·45 40·15±1·21 40· 35 ± l ·08 ••• 
10. M5PHALI 8 ·80±0 · 37 8·38±0 · 39 10 ·05 ±0·79 10·25 ±0·93 10·33±0 ·47 ••• 
11. M5PHAL2 7 ·31 ±0·98 6 · 30 ± 0 · 26 7 ·40±0·62 7 ·67 ± l ·02 7· 88 ±0·72 •• 
' Skull 12. SKULLE 13 ·26 ±0·27 13 ·96 ±0·43 14· 22 ± 0· 18 14·76±0·55 14· 81 ± O· 28 ••• 
13 . MAXLE 5 ·42±0 · 12 5·38±0·12 5 · 57 ±0·09 5 · 84 ±0· l l 5·81±0 · 16 ••• 
14. BASLE 10· 13 ±0· 32 10 · 56±0·32 11·17±0·20 11 ·46 ±0·46 11·21±0·38 ••• 
15. PALLE 4·91 ±0·41 5 · 21±0·17 5 ·72±0·17 4·92±1·76 5 · 24 ±0· 27 ••• 
16. MOLWID 6·80 ±0· 14 6· 78 ± O· 26 6· 85 ± 0· 17 6 · 80±2·43 7 ·27 ±0·21 ••• 
17. CANWID 5 ·03 ±0· 10 4·90±0·26 5 ·27 ±0·09 4·90± 1 ·77 5 · 35 ±0·24 ••• 
18. BULLE 3 ·51±0·14 3 ·26±0·27 3 · 35 ±0·26 3 · 68 ±0· 13 3 ·60±0·11 ••• 
19. INTBR 4 ·77±0·12 4 · 45 ±0·07 4·52±0· 15 4 · 28± 1 ·54 4·95±0·18 ••• 
20. ZYGBR 10·06 ±0·24 8·75±3 · 59 10 · 75 ±0·23 9· 87 ± 3 · 52 10·94 ± 0 · 22 ••• 
21. BRAINHT 5·53±0·17 5 ·65 ±0· 10 5 · 87 ± 0· 15 5·42± l ·95 6 ·43 ±0· 18 ••• 
22. SKULLHT 7 ·40± 0 ·25 6 · 27 ± 2 · 58 7 ·92 ±0· 15 7·43±2 · 65 8 · 30±0 · 23 ••• 
23. DENTLE 10·75±0 · 18 11·00±0 · 18 11 · 40 ± O· 29 10 ·76±3·82 11 · 72 ±0· 23 ••• 
24. SUPMASS 2·35±0·15 2· 35 ±0·09 2· 30±0 ·08 2· 22 ± 0·03 2·47 ±0 · 10 NS 
25 . MEDTEMP 3 ·24± 0 · 10 3 ·28 ± 0·09 3 · 47±0·09 3 · 57 ±I· 17 3 ·44 ± O· 11 ••• f--' 
N 
\J1 
9 8 4 9 10 
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Table 3. Regression coefficients of wing and skull characters regressed on latitude and longitude 
•p < 0 ·05; ..p < 0·01; ... p < 0 ·001; NS, not significant 
Character Latitude Longitude, all Longitude, except Karonie, 
localities Norfolk I. and New Caledonia 
Wing I. FOREARM 0·6578··· 0·0005 NS 0 ·4585 ••• 
2. THIRDMET 0·6117 ••• 0·0098 NS 0·4544 ••• 
3. M3PHALI O· 3443 ••• 0·0020 NS 0·2408 ••• 
4. MJPHAU 0·2192 ••• 0· 1847 ••• O· 1636 ••• 
5. M3PHAL3 0·1776··· 0·0008 NS 0· 1264 •• 
6. FTHMETA 0·6138 ••• 0·0079 NS 0·4437··· 
7. M4PHALI O· 3475 ••• 0·0057 NS O· 2871 ••• 
8. M4PHAL2 0·0881 •• 0·0574· 0·0322 NS 
9. FIFMETA 0·5751 ••• 0·0029 NS 0·4349··· 
10. M5PHALI O· 5128 ••• 0·0038 NS O· 2860 ••• 
11. M5PHAL2 0 ·0843 •• 0 ·0689 • 0·0180 NS 
Skull 12. SKULLE 0·4664 ••• 0·0087 NS O· 3296 ••• 
13. MAXLE 0·4182 ••• 0·0138 NS O· 2320 ••• 
14. BASLE 0·4347 ••• 0·0160 NS O· 2662 ••• 
15. PALLE O· 2091 ••• O· 1140 •• 0· 1842 ••• 
16. MOLWID 0·4024 ••• 0·0150 NS O· 2405 ••• 
17. CANWID 0·2999 ••• 0·0038 NS O· 2621 ••• 
18. BULLE 0·0348 NS 0·1532··· 0·0120 NS 
19. INTBR 0·3874 ••• 0·0006 NS O· 3822 ••• 
20. ZYGBR 0·4198 ••• 0·0002 NS O· 2499 ••• 
21. BRAINHT 0·4637 ••• 0·0005 NS 0 · 2713 ••• 
22. SKULLHT 0·4997 ••• 0·0002 NS 0·3554 ••• 
23. DENTLE 0·4990 ••• 0·0055 NS 0·2837 ••• 
24. SUPMASS 0 · 1314 ••• 0 · 0028 NS 0·1159·· 
25. MEDTEMP O· 2485 ••• 0·0017 NS 0· 1492 •• 
Table 4. Standardised discriminant function coefficients of variables used in discriminant 
analysis utilising both wing and skull characters 
Variable Function Function 2 Function 3 Function 4 
I. FOREARM 1 ·208 - l · 289 -0·446 0 · 808 
4. M3PHAL2 0·436 -0·919 -0· 172 - O· 186 
5. M3PHAL3 -0·675 0·346 0·758 -0 · 616 
7. M4PHALI 0·902 - 0·453 -0 · 691 0·372 
9. Fl FM ETA 0·397 0·551 0·545 -0 ·926 
12 . SKULLE 0·378 0 ·454 0 · 154 I· 191 
14. BASLE 0· 143 -0 · 541 - I · 167 - 0 ·093 
15. PALLE -0·395 I · 103 - 0·238 - 0 ·082 
16. MOLWID I ·445 -0 · 946 -0 · 821 0 ·049 
17 . CANWID - I· 330 - 0 ·425 - 0 · 112 - 0 · 133 
19. INTBR 1·155 - 0 · 219 0 ·058 O· 576 
20. ZYGBR 0·888 -0·437 0 ·099 - 0 ·431 
21. BRAINHT - I ·272 0 · 331 I ·205 0 ·019 
22. SKULLHT -0·664 I ·029 0·520 - I · 016 
23 . DENTLE -0·096 0·957 0· 122 0 ·405 
24 . SUPMASS 0· 185 -0 · 810 0 · 281 0 · 371 
25 . MEDTEMP -0· 143 I ·266 - 0 ·063 - 0 · 171 
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Table 2 summarises the variation in dimensions between bats from the five locations Wave 
Hill , New Caledonia, Norfolk I., Melbourne and Tasmania. Analysis of variance showed 
there to be significant differences between subpopulations in all except the wing dimension 
M4PHAL2 and the skull dimension SUPMASS. 
Simple regressions demonstrated that all dimensions except BULLE increased significantly 
with increasing latitude (Table 3; Fig. 3a), although only a few dimensions were significantly 
related to longitude (Table 3). However, when graphical representations of wing and skull 
dimensions regressed on longitude were examined, it was found that values for bats from 
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Fig. 3. Plots of all animals regressed on : (a) latitude ; (b) longitude. 
Norfolk I., New Caledonia and Karonie lay outside those for bats from other areas 
(Fig. 3b). If animals from these three locations were excluded from the regression most 
dimensions increased significantly with increasing longitude (Table 3). 
Multivariate Analyses 
Discriminant analysis on the basis of wing characters alone produced separation of the 
five nominated subpopulations, except between Melbourne and Tasmania. Animals from 
elsewhere formed a catter of plots between and within the scores of bats from the five 
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Fig. 4. (a) Plots of all animals obtained on the first two canonical discriminant 
functions from discriminant analysis on wing characters only. Solid symbols represent 
animals from the five localities shown (.A. Tasmania; • Melbourne) ; 6 group 
means for these animals; 0 animals from elsewhere on the mainland . (b) Plots 
obtained from discriminant analysis on skull characters alone . Symbols as in 
Fig. 4a, except: • Tasmania. 
Fig. 5. Plots from discriminant analysis on wing and skull characters together. 
Symbols as in Fig . 4b. The discriminant function coefficients from this analysis are 
shown in Table 4. 
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subpopulations (Fig. 4a). Analysis based on skull characters only produced better separation 
of subpopulations, but bats from elsewhere achieved scores resulting in a scatter similar to 
that seen in the first analysis (Fig. 4b). Discriminant analysis of both wing and skull characters 
maximised the distances in discriminant space between subpopulations, but plots of other 
animals were again scattered between them (Fig. 5). Furthermore, four of the ten animals 
randomly excluded from the nominated subpopulations were assigned to other populations. 
One animal from each of Melbourne, Wave Hill and New Caledonia was allocated to 
Norfolk I., and one animal from New Caledonia achieved a canonical variate score which 
grouped it most closely with Wave Hill. 
The standardised discriminant function coefficients of the variables used in the third analysis 
of both wing and skull characters are given in Table 4. The first function accounted for 75% 
of the variance between the five subpopulations, and the second, 14%. The remaining 11 % 
of the variance was removed by functions 3 and 4 (6% and 5% respectively). 
The overall morphological differences between the five subpopulations are roughly 
proportional to the observed geometric distances between the group means shown in 
Fig. 5, bearing in mind that separation on the horizontal axis (CD Fl, 75% of variance) represents 
greater morphological difference than a similar vertical displacement (CDF2, 14% of variance). 
Discriminant analysis synthesised the trends seen in the univariate and bivariate analyses such 
that the positions of subpopulations in discriminant space were roughly congruent with their 
geographic positions. 
Discussion 
The original description of Scotophilus gouldii (Gray, 1841) is poor. Thomas (1905) wrote 
'The confusion in Gray's account ... is very great and almost defies elucidation. Among other 
things the measurements given as those of S. morio are evidently those properly belonging 
to S. gouldii.' By comparing the description with specimens in the British Museum, Thomas 
considered that he was able to establish that the type had come from Launceston in Tasmania . 
I have not seen the type (BMNH 41.1516) myself, but the forearm measurement of 44·2 mm 
(J. E. Hill, unpublished data) certainly accords well with an animal from Tasmania or the 
southern mainland. 
There seems little doubt that all of the bats examined in this study, including those from 
Norfolk I. and New Caledonia, belong to the same species, Cha/inolobus gouldii. If bats 
from locations geographically distant are considered in isolation, the differences between them 
are statistically significant. If, however, they are examined together with bats from intermediate 
locations, the differences are seen merely as the extremes of character gradients which are 
related to geographic distance. Bats from Norfolk I. and New Caledonia differ from each 
other and from mainland animals, but these differences are no greater than those existing 
between widely separated populations on the mainland. 
Thus, Troughton (1922) appears to have been correct in his identification of C. gouldii 
from Norfolk I., and the opinion of Koopman (1971) that C. neocaledonicus is conspecific 
with C. gouldii seems justified. I can, however, see little reason, other than one of indicating 
the origin of animals, for the continued use of the ubspecific names C. g. venatoris and 
C. g. neocaledonicus. 
Sexual dimorphism in body size is common amongst vespertilionids, females usually being 
larger than males. This situation has been reported in the Australian species Eptesicus vulturnus 
and£. sagittula (Carpenter et al. 1978), £. regulus and £. p. pumilus (Carpenter et al. 1978; 
Campbell and Kitchener 1980), and Scotorepens balstoni, S. orion, S. sanborni and S. greyii 
(Kitchener and Caputi 1985) . Females of£. pumilus caurinus proved to be slightly smaller 
than males in the study reported by Carpenter et al. (1978), but Campbell and Kitchener (1980) 
found the reverse to be true. 
Myers (1978) examined sexual dimorphism in 28 taxa of vespertilionids and found a positive 
correlation between size dimorphism and the number of young in typical litters. He concluded 
1, 
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that females were larger than males in order to cope with increased load during pregnancy. 
However, Williams and Findley (1979) were unable to substantiate the findings of Myers and 
suggested, in explanation, sex differences in thermoregulation. That C. gouldii usually bears 
twins (Strahan 1983), but that the sexes are not dimorphic in size, suggests that neither of 
these explanations is correct in all cases. 
Differences between populations of C. gouldii are the result of north-south and east-
west clines in skeletal dimensions. Van Deusen and Koopman (1971) showed that Chalinolobus 
nigrogriseus from Western Australia were smaller than bats from Queensland, and Kitchener 
and Caputi ( 1985) demonstrated longitudinal and latitudinal dines in skeletal dimensions of 
three species of Scotorepens. The Australian marsupial, Petaurus norfolcensis, exhibits a 
latitudinal cline in body size (Alexander I 984) and east-west dines in body size have been 
demonstrated in several groups of birds in Australia, including sitellas and black cockatoos 
(R. Schodde, personal communication). 
Latitudinal clines in body size have been well documented in vertebrate species in other 
areas, and their observation led to the formulation of Bergmann's rule that homeotherms 
increase in size with increasing latitude and, by inference, climatic severity. Findley and Traut 
( I 970) attributed geographic variation in populations of Pipislrellus hesperus west of the divide 
in the south-western United States to the Bergmann effect, although the same relationship 
did not hold east of the divide. Stebbings (I 973) found that P. pipistrellus increased in size 
with decreasing temperatures, but noted a number of anomalies between expectations from 
Bergman n's rule and what was observed. Kitchener and Caputi ( 1985) concluded that the 
morphological trends observed in their study of the Scotorepens spp. in Australia were the 
result of a complex interplay of factors: S. sanborni individuals become larger from west 
to east while within S. greyii the trend is reversed; S. orion and S. sanborni increase in size 
with increased climatic severity, but S. balsloni and S. greyii become smaller. 
The tendency observed here for C. gouldii to increase in size with increasing latitude accords 
well with Bergmann's rule, but the discontinuities in the east-west cline are more difficult 
to interpret. They may be related to discontinuities in climate or they may indicate barriers 
to gene flow. Although the distribution of C. gouldii is shown by Strahan (1983) to include 
most of mainland Australia, the distribution records of this species provided by Kitchener 
and Vicker (l 98 I) suggest that there may be a hiatus across the Nullarbor region and, perhaps, 
to the north. However, with only one sample from south-western Australia in the present 
study, it would be unwise to infer more. Certainly, the ocean distances between Norfolk 1., 
New Caledonia and the mainland could impede gene flow, but the similarities between bats 
from these areas suggest that the barriers are incomplete. It would be instructive to examine 
in more detail the interplay between climatic factors and body size in C. gouldii. The species 
is widespread and well represented in museum collections . Good climatic information is also 
available from the Australian region from the predictive program BIOCLIM (Nix el al. 
unpublished); this would enable precise testing of, at least, some of the hypotheses which 
have been advanced to account for geographi~ variation in the body dimensions of bats (Findley 
and Wilson I 982). 
What then of the continued existence of C. gouldii on Norfolk I.? It is obviously a very 
adaptable species and one capable of long-di stance fli ghts over water . It is also colonial, which 
suggests that it is a good potential coloniser of isolated islands (Macarthur and Wilson I 967) . 
Yet it appears as though it is declining or may have become extinct on Norfolk I. Turner 
el al. (1968) wrote' ... it has certainly declined in numbers over recent years' and Gordon 
(1984) was unable to confirm the presence of bats on the island in 1983, although several 
residents reported having seen bats only a few years ago. 
Small, isolated populations are prone to extinction from intrinsic causes, and the smaller 
the population the greater the likelihood (Macarthur and Wilson I 967). Norfolk is a small 
island (about 3500 ha) and has suffered a considerable degree of devegetation (Smithers 
and Disney 1969). Propagules from the mainland (or New Caledonia) may now find it 
difficult to colonise the island because of a shortage of suitable roost sites, in addition to 
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the extensive ocean barrier. McKean (1975) concluded that' ... living bats no longer occur' 
on Lord Howe I. 
Norfolk I. may be a good place to try to reverse the trend of extinctions of species on 
small islands by the re-introduction of C. gouldii and the provision of artificial roost sites. 
Although artificial roosts are probably not a cost-effective way of conserving bat populations 
in the long term, they may promote the re-establishment of a species to an area which is 
being re-vegetated, as Suckling and Macfarlane (1983) were able to do with Petaurus breviceps 
in a game reserve in Victoria. The isolated nature of Norfolk I. would allow valuable 
observations to be made on the progress of such a re-colonisation process . 
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Abstract 
Information on seasonal changes in activity, body weight and brown adipose tissue weight was collected 
from a wild population of a small Australian vespertilionid , Eptesicus vulturnus . Both sexes , but es-
pecially females , became less active during the colder months of the year. Males maintained body 
weight and brown adipose tissue weight during winter, as do non-hibernating mammals . Females lost 
brown adipose tissue and body weight during winter, as do hibernators . The relationship between the 
sex differences in overwintering behaviour and the reproductive cycle is discussed . 
Introduction 
Brown adipose tissue (BAT) has received considerable attention in recent years 
because of its role in non-shivering thermogenesis. BAT has been estimated to be 
responsible for up to 60% of the heat produced by cold-adapted rats (Foster and 
Frydman 197 8); and figures as high as 80% have been cited for bats rewarming 
from torpor (Alexander 1979). The ability to produce heat without shivering is 
particularly important for hibernating species during arousal from torpor. It 
appears to be the main means of heat production during the early stages of arousal, 
when rewarming is confined to the body core (Hayward 1971; Jansky 1973). 
Non-hibernating mammals in the wild increase BAT reserves in autumn and 
maintain these reserves over winter until warmer weather returns in spring 
(Buchalczyk and Korybska 1964; Didow and Hayward 1969; Pasanen 1971). 
Similarly, if rats are kept in outdoor enclosures their mass of BAT is maximal in 
winter at the time of lowest minimum daily temperatures (Gilbert and Page 1968). 
In the laboratory BAT increases with declining ambient temperature and decreases 
if the animals are returned to a warm environment (Chaffee et al. 1969; Smith 
and Horwitz 1969). 
The BAT of mammals which are inactive in winter is usually depleted during 
inactivity. BAT makes 3 · 8% of body weight of hedgehogs at the onset of hibernation 
and l · 2% towards the end (Afzelius 1970). The BAT deposits of female My otis 
lucifugus become depleted during hibernation (Remillard 1958), and the size of 
the brown adipocytes of several species becomes reduced during winter (Afzelius 
1970). 
There are differences between sexes in activity patterns of several species of 
Microchiroptera. Cockrum and Cross (1964) suggest that females heavy with young 
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are more susceptible to capture than are males and that they also need more food 
and water; if so, they may need to be more active during pregnancy and lactation. 
Stones and Wiebers (1965) attribute changes in food consumption by Myotis 
/ucifugus to changes in reproductive status. Seasonal differences in the sex ratio 
of several species of bat have been reported by O'Farrell and Bradley ( 1970) and 
are attributed to differences in seasonal activity, or in abundance or ease of capture. 
Pipistre//us abramus varies seasonally in the activity of the sexes (Funakoshi and 
Uchida 1978a, 1978b). 
If the sexes of microchiropteran bats differ in their activity patterns, it might 
reasonably be expected that they would also differ in rates of BAT accumulation 
and deposition in response to cold. The purpose of the present study was therefore 
to examine seasonal changes in BAT in an Australian vespertilionid, Eptesicus vulwr-
nus Thomas. 
Materials and Methods 
£ . vulturnus is one of the smallest Australian bats, with a body weight around 3-4 g. It is a tree-
roosting species, which occurs through much of south-eastern Australia. Bats were collected in flight 
with bat-traps (Tidemann and Woodside 1978) from Durras on the south coast of New South Wales 
(35°40'S ., 150°20'E.) about 20 m above sea level. Eighty-eight adult males and 63 adult females were 
trapped during 1979 and 1980. giving samples from most months of the year. Several species of forest 
bats other than £. vulturnus occur at Durras ; the study species was identified by the methods of 
Tidemann et al. ( 1981). 
Between seven and nine bat-traps were used in each trapping session. Traps were set on forest 
tracks or over freshwater pools each afternoon and checked the next morning. The number of trap-
nights in a session varied considerably between months: summer samples were usually collected in 
one night, but some of the winter samples took several nights to catch , because of the much reduced 
flight activity of bats during the colder months . Trap-sites during each collecting period were selected 
to cover a range of different vegetation types and locations. 
Animals were removed from the traps each morning and weighed to the nearest O · I g. They were 
usually killed within 24 h of capture. A few bats were stored at 4 °C fo r several days before being 
killed (4°C induces torpor in £. vu lturnus). Interscapular brown adipose tissue was dissected fro m 
the bats , weighed, vacuum-dried to a constant weight at 50°C and reweighed . Lipid was remowd 
from the samples with two separate 24-h washes in chloroform . All BAT weights were measured to 
the nearest O · I mg. 
The problem of making meaningful comparisons between BAT weights from animals of different 
body weights was overcome by use of the method of Heroux and Gridgeman ( l 958). This technique 
eliminates the variance due to the effect of body weight by applying a correction factor which sets 
the body weight of a particular animal to the mean body weight of the population, and adjusts its 
BAT weight accordingly. 
Results 
Captures of E. vu/turnus were much less frequent during the colder months of 
April, June and August than during the rest of the year (Fig. 1). The proportion 
of females caught was much higher in the spring and summer months than during 
autumn and winter (Fig. 2). Although both sexes became less active during winter, 
the reduction was earlier and more pronounced in females than males. Females 
also became active earlier in spring than males, and more females than males 
were caught during September- January (except in November, the time when young 
were born). 
There were marked changes in body weight in both sexes between summer and 
winter (Fig. 3). Males were lighter than females , except during August and Septem-
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ber, when there was no difference (P < 0 · 05, Student's t-test). The body weights 
of males were highest in autumn, remained elevated during winter and declined 
during spring. The weights of females increased similarly in autumn, but declined 
steeply during winter and increased again earlier in spring (Fig. 3). Peak female 
body weights in early summer coincided with late pregnancy. 
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Fat-free, dry BAT weights, corrected for body weight, changed seasonally in both 
sexes, although the patterns of changes were different in males and females (Fig. 
4). The BAT weights of males were steady through winter and did not decline 
until early spring. Females, on the other hand, lost BAT continuously throughout 
winter, spnng and early summer and did not begin to increase it until late 
summer. 
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Discussion 
Seasonal changes in the activity patterns of microchiropteran bats in temperate 
climates have been reported by Dwyer ( 1962), O'Farrell and Bradley (1970), Daan 
(1973) and Funakoshi and Uchida (1978a, 1978b). These species are all less active 
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The examiners' report points out discrepancies between the total 
numbers of bats represetned in figures 1 and 2 and those in Figures 3 
and 4 on page 25 . Most of these are apparent rather than real and 
result from insufficient detail in the Methods section of the paper. 
Trapping was carried out over two calendar years, 1979 and 1980, but 
not in all months and not in exactly the same months of the two years. 
Bats were trapped in April, June, August and September through 
December of 1979 and in January, February, August, September and 
October of 1980 . In the months of January, February, September and 
December not all trapped bats were killed, so that fewer individuals 
appear in Figures 3 and 4 than in the earlier figures. The August 
and October .numbers shown in Figures 1 and 2 represent errors of 
om1ss1on , which are the result of the second years' catch inadvertently 
not being added on to the values obtained in these months in 1979. In 
fact the 1980 catch in these two months varies little proportionally 
from that of the previous year, but Figures 1 and 2 have been redrawn 
and are shown below. 
One-way ANOVA's were performed on the monthly figures of body 
weight and BAT weight for the sexes separately (Figs. 3 and 4). These 
were significant in all four cases (P < .001). An ANOVA was not 
performed on the data shown in Figure 2 as such a test is inappropriate 
for use on proportional data (percentages). 
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in winter than in summer, although intermittent arousals from torpor are common. 
particularly in milder climates. O'Farrell and Bradley ( 1977) suggest that several 
species of bat in the south-west of the United States become intermittently active 
during winter in response to declining body condition and water balance. 
Miniopterus schreibersii, a cave-roosting species, is the only Australian 
microchiropteran about which information on seasonal changes in activity has been 
published (Dwyer 1964), but Nyctophilus gouldi, a tree-roosting bat which occurs 
with E. vulturnus in the study area, is known to reduce its flight activity during 
winter in outdoo~- enclosures (Tandy and Tidemann, unpublished findings) . M . 
schreibersii, N. gouldi and the two New Zealand bats Mystacina rnberculata and 
Chalinolobus tuberculatus (Dwyer 1962), all become inactive to some extent during 
winter. E. vulturnus becomes progressively less active during autumn and winter. 
even in the relatively mild climate of Durras. 
Several authors (e .g. Cockrum and Cross 1964; O'Farrell and Bradley 1970) 
have suggested that differences in the sex ratio of bats trapped at different times 
of the year are due to trappability rather than to a real difference in activity . 
Evidence that this is not the case, at least in £. vufturnus, and that the differences 
observed are due to different activity patterns of males and female . is presented 
in the discussion of body weight and BAT changes. Males and females may forage 
over different microhabitats at different times of the year. but trap-sites during 
each collecting period were selected to cover a range of different Yegetation types 
and locations. The true sex ratio of £ . vulturnus is unknown. but there appears 
to be no reason to suppose that it deviates from 1. 
It is necessary to outline the reproductive cycle of£. vufturnus. Male bats become 
sexually mature in their second year. Testis size increases over summer and mature 
sperm are present in the epididymides from late summer. The teste undergo red uc-
tion in size after thi time . The accessory complex (prostate gland and associated 
structures), on the other hand, does not reach maximal size until June and remains 
enlarged during the first half of winter. Mature sperm are retained in the 
epididymides over winter and have been found as late in the \·ear as October. 
It is assumed that , because the accessory complex remains hypertrophied over win-
ter, libido is also maintained during the same period . F emaks reach sexual 
maturity in their first year and are monoestrous . Oestru is prolonged, and large 
mature Graafian follicles persist through the hib_ernation period. The terminal 
ve iculation and ovulation stages of these follicles of hibernation are delayed until 
spring. Sperm are found in the reproductive tract of females from the onset of 
oestrus, in February- March, until the end of winter. A copulatory plug is formed 
in the vagina after copulation. Fertilization is delayed until ovulation occurs in 
spring. Young are born in November and lactation lasts for about 6 weeks 
(Tidemann, unpubli hed findings). 
The male and female cycles of £ . vufturnus are similar to those found in a 
number of other microchiropterans (Gustafson 1979; Oxberry 1979). Male bats 
that have a reproductive cycle imilar to that of£. vulturnus copulate during per-
iodic arousals throughout winter (Gustafson 1979). Males of several species have 
been een copulating with torpid females in hibernacula (Racey and Tam 1974); 
evidently it is nece ary for males alone to arou e from torpor to effect copulation. 
In four species recorded by Strelkov ( 1962), an increasing proportion of females 
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became inseminated as winter progressed. It seems likely that E. vulturnus follows 
a similar pattern. 
A consideration of changes in body weight through the year (Fig. 3) supports 
the idea that males maintained weight during winter by opportunistic feeding, 
whereas females remained in torpor. The timing of these weight changes in relation 
to the reproductive cycle is fairly clear: males remain active during winter (though 
at a level less than in summer) during the time when they are copulating; females, 
on the other hand, remain in torpor during this time and do not resume sustained 
activity until spring, when it becomes advantageous for them to remain more nearly 
homeothermic so that gestation may proceed at an optimum rate. Gestation can 
be experimentally lengthened by keeping pregnant bats at low temperatures (Racey 
1973); but in temperate climates it must be beneficial for young to be weaned 
as early as possible so that they may accumulate sufficient body reserves to survive 
winter. 
Changes in the body weight of bats during winter have been described in other 
temperate regions. Ransome (1968) concluded that female Rhinolophus fer-
rumequinum lost more body weight than males because of greater frequency of 
arousal and opportunistic feeding by males; both sexes of Myotis velifer (Kunz 
1974) and Miniopterus schreibersii (Dwyer 1964) lose weight at about the same 
rate, and male Eptesicus fuscus lose weight more rapidly than females (Beer and 
Richards 1956). Of these species, only R. ferrumequinum has a reproductive pattern 
similar to that of £. vulturnus (Gustafson 1979) and apparently has similar dif-
ferences between sexes in overwintering behaviour. The other species complete 
copulation before the onset of winter, and hence male activity during the colder 
months is unnecessary. 
The location of BAT deposits in Myotis lucifugus is described by Rauch and 
Hayward ( 1969); BAT is present in similar locations in E. vulturnus. O'Farrell and 
Schreiweiss ( 1978) concluded that the interscapular deposit (which accounted for 
more than half of the total BAT in the body) was a reliable indicator of BAT dynamics 
in two species of bat. Accordingly, the interscapular deposit was used in this 
study. 
Fat-free, dry weight of BAT has been used by various workers as an index of 
the capacity for non-shivering thermogenesis (Hayward 1971 ; Lynch 1973), 
although wet weight has also been commonly used (Chaffee and Roberts 1971 ; 
Pasanen 1971; O'Farrell and Schreiweiss 1978). Fat-free, dry BAT weight was used 
in the present study . 
Seasonal changes in BAT of bats has not been well documented. Remillard (1958) 
found that female M. lucifugus lost BAT weight during winter, and the BAT of both 
sexes of Pipistrellus hesperus and My otis californicus also becomes depleted during 
the colder months (O'Farrell and Schreiweiss 1978). Seasonal changes in inter-
scapular BAT of E . vulturnus differ markedly between the sexes, even when the 
variation due to the effect of body weight has been removed (Fig. 4). Males gained 
BAT in autumn, maintained it over winter and then returned to pre-autumn levels 
in pring. Thi is a pattern, very similar to that of non-hibernating species, of 
maximal amount of BAT present at the time of lowest ambient temperatures 
(Buchalczyk and Korybska 1964; Didow and Hayward 1969 ; Pasanen 1971). 
Female , however, showed a quite different sequence of BAT weight changes: they 
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lost BAT continuously during winter, spring and early summer m the same way 
as hibernators (Remillard 1958; Afzelius 1970). 
Why do female E. vulturnus lose BAT when males are maintaining it in response 
to exposure to cold? The answer again seems to lie in the different activity patterns 
of the sexes: males remain active while females remain in torpor. Hence, females 
lose BAT during winter because they remain in torpor; they continue to lose it 
in spring and summer because cold stress is no longer present, and the energy 
requirements of pregnancy and lactation prevent restoration of BAT reserves to 
pre-autumn levels. Males, because they do not maintain young, can begin accumu-
lating BAT before females. Myers (1978) and Williams and Findley (1979) have 
related the greater body size of female vespertilionids to the needs of pregnancy 
and lactation in a similar way. 
Pipistrellus hesperus has a similar reproductive cycle to that of E. vulturnus (Gus-
tafson 1979) and more males than females are caught during the winter (O'Farrell 
and Bradley 1970). Sex differences in the rate of BAT utilization over winter could, 
then, be expected in this species, but none were found by O'Farrell and Schreiweiss 
(1978), possibly because of the small sample sizes used in that study. 
Ransome ( 1971) found that hibernating Rhinolophus ferrumequinum aroused 
about once every 6 days. He postulated that bats select a temperature zone within 
the hibernaculum which will result in the most advantageous frequency of arousal 
in relation to food availability. O'Farrell and Bradley ( 1977) also record intermit-
tent feeding activity in several species of bats during the winter. It is apparent 
from the fact that low numbers of female E. vullurnus were caught during winter 
that the cessation of activity is incomplete in this species also. 
The biological identity of E. vulturnus as a species has only recently been demon-
strated, and it is now known that there are three sibling species of Eptesicus in 
southern Australia (Tidemann et al. 1981). E. regulus and £. sagittula, which are 
sympatric with E. vulturnus over part of its range and have a common reproductive 
pattern, also appear to show sex differences in behaviour and BAT cycles, similar 
to those of E. vulturnus (unp·ublished data). It seems likely that the patterns of 
activity and changes in body and BAT weight described for E. vulturnus in this 
paper also occur in other temperate-zone microchiropterans which show the 
phenomenon of winter copulation. Both sexes of species which do not copulate 
during winter probably behave more like true hibernators. 
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Abstract 
Eptesicus vultur,rzus exhibits a reproductive cycle which is 
typical of vespertilionids which inhabit temperate regions. In autumn 
females elaborate a follicle of hibernation, the rupture of which is 
delayed until spring, when it is fertilized by spenn stored in the 
female reproductive tract. Females are monoestrous, although a second 
wave of follicular growth results in the fonnation of a non-ovulating 
Graafian follicle during pregnancy. Both ovaries are functional, 
although implantation occurs only in the right uterine horn. 
Males also undergo an annual cycle. Plasma testosterone 
concentration and testis tubule diameter reach a peak in late summer, 
with consequent release of spennatozoa to the epididymides, but the 
accessory sex glands do not reach maximum size until late autumn. Spenn 
are present in the epididymides of males more than one year old for the 
duration of winter. 
Three factors appear to provide sufficient reason for males to 
relinquish torpor periodically during winter to copulate: (1) some 
first year females are not in oestrus at the beginning of winter, (2) 
some females with sperm stores depleted or absent are caught during 
winter, (3) in some females copulatory plugs are voided some time before 
fertilization. 
Both sexes accumulate fat deposits 1n late summer and early 
autumn. These are gradually depleted over winter. E.regulus and 
E.sagittula appear to have a reproductive cycle similar to that of 
E.vulturnus. 
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Introduction 
It is now well recognised that in temperate zone rhinolophids 
and vespertilionids, except MinioptePUs (Courrier, 1927), insemination 
and fertilization are not contemporary events as they are in other 
mammals. A mature Graafian follicle (or folltcles) is elaborated by 
females in autumn, at which time they also become sexually receptive. 
The ovum, however, is not released until spring, when it is fertilized 
by spenn stored in the female reproductive tract (Racey, 1982). Insemi-
nation and fertilization can be separated by periods, depending on the 
severity of the climate, of up to seven months (Wimsatt, 1969; Racey, 
1979). In many, though not all, of these spenn-storing species the 
vagina becomes occluded by a plug, which forms during, or shortly after, 
copulation and which is generally considered to fonn a mechanical 
barrier to further inseminations (Courrier, 1924; Matthews, 1937; 
Krishna and Dominic, 1978; Bradbury, 1977; Racey, 1979; Kitchener and 
Coster, 1981; Oh et al, 1983; Phillips and Inwards, 1985). In 
consequence of these observations it seems reasonable to suppose that 
the spenn which are deposited in the female tract in autumn are those 
which ultimately fertilize the ovum released in spring. 
However, despite the ability of females to store viable spenn 
for extended periods, males of these species also retain fertile sperm 
in the epididymides for the duration of winter (Racey, 1973) and the 
accessory sex glands typically remain enlarged over a similar period 
(Gustafson, 1979). Furthennore, reports of bats copulating during 
winter and spring are common (Moffat, 1922; ~/ imsatt, 1945; Pearson 
et ai, 1952; Gilbert and Stebbings, 1958; Strelkov, 1960; 
Stebbings, 1965; Phillips and Inwards, 1985). Even in the severe 
climate at 600N copulations continue during winter in several species 
Strelkov (1960) and Thomas et ai (1979) considered that a significant 
proportion of the total matings of Myotis iucifugus occurred during 
winter. Male Rhinolophus ferrumequinum, Nyctalus noctuia and 
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Nyctophilus gouldi are known to arouse from hibernation more frequently 
than females (Ransome, 1968; Kleiman and Racey, 1969; Phillips and 
Inwards, 1985). Tidemann (1982) examined seasonal changes in body and 
brown adipose tissue weights and activity of Eptesicus vuitur>nus and 
concluded that whilst females spent most of the winter in torpor, males 
behaved more like non-hibernating species. 
Low temperatures and food availability would seem to dictate 
that these small mammals remained in torpor during winter. Instead they 
store sperm, retain accessory sex gland activity and copulate with 
ostensibly spenn-storing and functionally chaste females. It seems that 
there must be a strong selective advantage for males which indulge in 
this apparently maladaptive behaviour. 
Information on reproduction of temperate zone microchiropterans 
,n Australia was, until recently, limited to studies of the cavernicolous 
species Miniopterus schreibersii (Dwyer, 1963a,b). However, studies 
by Kitchener and his colleagues in Western Australia have begun to 
rectify this. In contrast to M.schreibersii, which delays implantation 
of a blastocyst formed in autumn (Richardson, 1977; Wallace, 1978), 
Chalinolobus gouldii was found to store sperm over winter and ovulate 
in spring, like its northern hemisphere counterparts (Kit chener, 1975). 
A similar pattern is known to occur in C.mor io (Kit chener and 
Coster, 1981), Eptesicus regulus (K itchener and Hals e, 1978) and has been 
demonstrated in wild and captive Nyctophilus gouldi (Ph illips and 
Inwards, 1985). The temperate zone molossid, Tadarida australis, 
appears to mate in spring (Kitchener and Hudson , 1982), although it has 
been found recently that Mormopterus planiceps, like sympatric 
vespertilionids, stores sperm and delays ovulation until spring (E. 
Crichton, personal communication). 
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This paper describes the reproductive cycle of three species 
of spenn-storing vespertilionids. The main part of the study concerns a 
coastal population of E.vuituPnus, which was chosen because active 
animals of both sexes could be trapped throughout the year, particularly 
during the period of sperm storage. This is in contrast to many other 
studies of spenn-storing species which have relied mainly on the 
collection of bats from hibernacula. Infonnation was particularly 
sought on mechanisms which might explain the overwintering behaviour of 
males. Observations on E.reguius and E.sagittuia are also presented. 
Study Sites 
Animals from two study sites were used: Durras at 1500 20'E, 
350 40'S and an altitude of about 20 m above sea level; and Tallaganda 
at 1490 31'E, 350 39'S and an altitude around 1000 m above sea level. 
There are no meteorological stations in close proximity to either of 
these sites, so that climatic estimates were made from the predictive 
program BIOCLIM (Nix et ai. unpublished). These are shown in Table 
1. Photoperiod, as a function of latitude, is the same at both 
locations, but Tallaganda experiences a much greater difference between 
summer and winter temperatures than Durras, which has greater seasonality 
in rainfall. 
Both sites are in State Forests and support selectively logged 
stands of Eucaiyptus, which are traversed by many logging tracks. 
Pennanent water is present in some watercourses and in several earthen 
dams at both locations. 
At Durras E.vuiturnus is common, as are the other tree-hole 
roosting species Chaiinoiohus morio and C.gouidii, Nyctophi i us 
geoffroyi and N.gouidi. Eptesicus reguius. E.sagittuia, Scotorepens 
orion and Myotis adversus were captured occasionally at this locality. 
All three species of Eptesicus were captured regularly at Tallaganda, 
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although in small numbers, particularly during winter. C.morio, C.gouldii, 
N.geoffroyi and N.gouldi were also common at this site, as was 
Falsistreiius tasmaniensis, although it was infrequently captured. 
Materials and Methods 
Bats were captured 1n harp traps (Tidemann and Woodside, 1978) 
set across logging tracks and over surface water. Traps were generally 
left unattended overnight and bats were removed from them the following 
morning. Trapping was carried out at Tallaganda over the period 
February 1978 to December 1981 and at Durras from April 1979 to February 
1980. Attempts were made to collect representative samples of both 
sexes of the three species of Eptesicus at Tallaganda in each month 
of the year, but this proved difficult, particularly during winter. 
Samples of both sexes of E.vulturnus, however, were obtained during 
most months of the 12 month period at Durras. Collections at both 
locations were made as near as possible to the middle of each month, but 
this varied somewhat as periods of heavy precipitation or very low 
temperatures were avoided. 
The study species were identified by the methods of Tidemann 
et ai. (1981). Animals were usually killed within 24 h of capture 
by an overdose of chlorofonn. A few bats were stored at 40C for a few 
days before being killed (40C induces torpor in these species). Blood 
was collected from the heart and the cell fraction removed by 
centrifugation. Plasma for honnone assay was stored at -2ooc. Skulls 
and brown adipose tissue were removed from some animals for other 
studies (Tidemann, 1982; Tidemann et ai., 1981) and reproductive 
organs were weighed to the nearest mg and fixed 1n Bouin's solution for 
24 h. They were then transferred to 70% ethanol. Gonads were later 
upgraded through sequential washes of graded concentrations of ethanol 
and, subsequently, xylene and embedded in paraffin. Female tracts were 
serially sectioned at 5 µm and stained with haematoxylin and eosin. 
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Representative median sections through testes, epididymides and male 
accessory sex glands were cut at 7 µm and stained with haematoxylin and 
eosin. Seminiferous tubule development was gauged for each testis by 
averaging the longest linear dimension and the measurement at right 
angles to it of ten tubules which were approx,mately circular in cross-
section. Measurements were made with an eyepiece micrometer. 
Qualitatative indications of spenn in testis and epididymal tubules and 
secretory activity of accessory glands were recorded. 
The number and size of all secondary and vesicular follicles 
1n each ovary were recorded and the size of corpora lutea were also 
measured. Oviducts, uterine horns, corpora uteri and vagina of each 
female were examined for the presence of spenn and leucocytes and the 
contents of the lumina were recorded. The crown-rump lengths of 
foetuses were measured and lactation was diagnosed by enlarged and 
secretory mammary glands. 
Plasma testosterone concentration from male E.vultuPn.us from 
Durras was measured by the methods of Catling and Sutherland (1980). 
Various methods were used in an attempt to age bats. Digital epiphysial 
fusion and tooth wear were assessed and one ramus from each of a series 
of 60 specimens (10 of each sex of each species) was sectioned. Sections 
of canine and molar teeth and periodontal bone were stained with various 
stains (Mayer's acid haemalum, haematoxylin, methylene blue, P.A.S.) and 
examined for the presence of growth rings by nonnal and phase contrast 
microscopy. 
Carcase lipid of E.vuitur>nus from Durras was estimated by 
chlorofonn/methanol extraction of skinned, eviscerated dehydrated bodies 
(Sperry, 1955). Results were expressed as the ratio of lipid to the 
fat-free, dry body weight of each individual. The composition of 
copulatory plugs was detennined using a Carlo-Erba 1106 elemental 
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analyser and by attempting to dissolve then in various solvents 
(acetone, chlorofonn, ethanol, mercaptoethanol, sodium dodecasulphate). 
A captive colony of 18 animals (three of each sex of each 
species of Eptesiaus) was maintained in an outdoor enclosure, 3 m x 
7 m x 2 m high, provided with roost boxes, in Canberra from February 
1980 until October 1980. Bats were initially hand fed on Tenebrio 
larvae and then were encouraged to feed themselves from a dish. However, 
they appeared to lack the behavioural repertoire necessary to do this, 
and the procedure eventually adopted was to capture then on every evening 
when they emerged from the roosts and feed them until satiation. This 
was supplemented with insects drawn into the enclosure via a light trap 
and calcium lactate and a vitamin supplement (Pentavite) added to the 
drinking water, which was provided in a large tray on the floor of the 
enclosure. 
Results 
Male E. vultur>nus at Durras showed an annual cycle of 
plasma testosterone concentration, semini f erous tubule diameter and 
accessory complex weights (Figure 1). Plasma testosterone concentration 
and seminiferous tubule diameter were synchronised, with the highest 
values being recorded in February and the l owest in September. 
Accessory complex weights, by contrast, peaked four months later in June 
and reached their lowest levels in November. Mature sperm were present 
in the epididymides of all males with maxi mally enlarged tubules and for 
the duration of winter. Spenn were absent f rom the epididymides of 
males collected in October, November and December. Young of the 
previous breeding season were distinguishable from other males in 
February by their small, undeveloped testes and from April until 
September by their small, undeveloped accessory complexes and lack of 
spenn in the epididymides. By October they had become indistinguishable 
from the rest of the population. 
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Female E. vulturnu at Durras underwent two cycles of 
Graafian follicular development and atresia, one of which was 
followed by ovulation, while the other was not (Figure 2). 
Significant changes in their mean diameter occurred during both 
cycles (one-way ANOVAs, p < . 00 1). Changes in the mean diameter 
of secondary follicles weakly mirrored the pattern observed in the 
Graafian follicles. An overall one-way ANOVA was significant (P-< .01), 
but there was no significant difference between the months September to 
December when they were examined separately. 
The first cycle of Graafian follicle development involved a 
steady inc.rease in size (and an associated reduction in number) from 
February to June, when the mean decreased slightly to August (Figure 
2). All animals collected 1n September (3) had recently ovulated, 
contained early corpora lutea in one ovary or the other and a 
recently released ovum. None possessed Graafian follicles. In 
October, however, all four ani ma ls again contained medium-sized 
Graafian follicles, which were not present in November or December 
females . 
Most females trapped in April, June and August contained a 
large Graafian follicle (follicle of hibernation) in one ovary or the 
other (Figure 3), sperm commonly aligned in a characteristic manner 1n 
the utero-tubal junction, uterine glands and lining the endometrium of 
the horns and corpus uteri (Figures 4, 5) and a copulatory plug in the 
vagina (Figure 6). However, one animal in April and one in August 
possessed none of these features. Both were judged to be young of that 
year on the basis of tooth wear. A further ~hree bats (two in April and 
one 1n August) had no plug in the vagina, had few or no sperm 1n the 
tract, but showed that they were in oestrus by the presence of a 
follicle of hibernation in one ovary or the other . In all of these 
latter cases polymorphonuclear leucocytes were present in the tract 1n 
large numbers, particularly in situatio ns where sperm stores were 
present in other individuals (Figure 7). Leucocytes appeared to have 
entirely replaced (or removed) the stored sperm from one individual. 
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All females trapped in September (3), October (4) and November 
(3) had recently ovulated or were pregnant and contained a corpus luteum 
in either the left or right ovary (six left : four right). Implantation, 
however, was invariably in the right uterine horn. The corpora lutea 1n 
September animals were slightly smaller than the follicles from which 
they had originated, but by November they occupied about 90% of the 
respective ovaries. By this stage they had become considerably 
vascularised. All three September bats had recently ovulated, but none 
had proceeded to implantation (Figures 8, 9). November pregnancies 
also were at similar stages of development, with foetuses having crown-
rump (CR) lengths of 9.5, 9.7, 9.7 and 10.1 mm. By contrast, the degree 
of development of October conceptuses varied considerably. One appeared 
to be undergoing gastrulation, one was at the primitive groove stage, 
while the other two had embryos with CR lengths of 2.1 and 2.3 rrrn 
respectively. 
By December all females (14) were lactating, but juveniles 
were not trapped until mid-January, by which time nine adults were still 
lactating and two had ceased. No lactating females were trapped i n 
February. 
E.vuiturnus of both sexes at Durras underwent an annual 
cycle of carcase lipid deposition and attrition (Fi gure 10). Females, 
however, accumulated more lipid in autumn and appeared to do this 
somewhat earlier than males. 
The three species of Eptes i cus at Tallaganda exhibited 
similar reproductive cycles to their counterparts at Durras, but the 
smaller samples and the fact that results from several years were 
combined place obvious restrictions on the reliability of these 
observations. Seasonal changes in seminiferous tubule diameter of 
E.vulturnus, E.regulus and E.sagittuia at Tallaganda are shown 
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in Figure 11. The periodicity is similar to that observed ,n 
E.vuitur>nus at Durras, except that peak tubule diameter in E.regulus 
occurred one month earlier than in the other species. Mature spenn were 
present in the epididymides of all males with maximally enlarged tubules 
and for the duration of winter. 
Three female E.vuitur>nus collected at Tallaganda in March 
were in pro-oestrus, with neither spenn nor a copulatory plug in the 
reproductive tract. One animal in July and two in August possessed 
follicles of hibernation, stored spenn and copulatory plugs and one each 
in September and October had recently ovulated. In November the crown-
rump lengths of five foetuses were 2.2, 2.9, 3.3, 3.4 and 3.7 mm, and in 
January one lactating female and one juvenile were trapped. 
Two of three f.regulus captured in March contained stored 
spenn and a copulatory plug, while the third was still in pro-oestrus. 
Four bats collected in April also contained stored spenn and a copula-
tory plug, as did two in July. One female taken in June, however, had 
lost both the plug and stored spenn, although a follicle of hibernation 
was still present. In October two had just ovulated and three others 
contained foetuses with CR lengths of 1.9, 2.4 and 2.4 mm. The uterus 
of one November animal was still massively distended from a recent birth 
and two others had foetuses with CR lengths of 6.0 and 18.5 mm. One 
female in December had a near-tenn foetus of 18.3 mm CR length and four 
others were lactating. Two lactating females and two juveniles were 
trapped in January. 
Three E.sagittuia were in pro-oestrus in March and two in 
April were in oestrus, but had lost their copulatory plugs and contained 
leucocytes with a few scattered spenn in storage sites in the reproductive 
tract. Two bats in August and two in September contained stored spenn 
and copulatory plugs, while a third September animal had lost the plug 
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and contained few spenn, but many leucocytes. In October three foetuses 
had CR lengths of 1.6, 2.2 and 2.7 mm, and two other females had 
recently ovulated. One individual in November was lactating and another 
contained a foetus 21.2 mm long. In December four lactating females 
were trapped, one of which had recently given birth. Six lactating 
adults, two post-lactating and one juvenile were trapped in January. 
Copulatory plugs 1n Eptesicus are almost certainly derived, 
at least in part, from the male ejaculate, for all contain spenn ,none 
part or another. The fact that this is not always in the centre of the 
plug, but sometimes extends to the periphery (Figure 6), indicates that 
plug fonnation is based mainly on the ejaculate, rather than by 
subsequent accretion of epithelial cells around it. Plugs are hard, 
noticeably difficult to section and, in the live animal, completely fill 
and occlude the vagina and sometimes are slightly protruded externally. 
They are completely insoluble in acetone, chlorofonn, ethanol, mercapto-
ethanol and sodium dodecasulphate and their elemental composition is: 
C 46.86%; H 6.73%; N 14.14%; S 0.60%; 0 33.48%, suggesting them to be 
composed of a durable protein. 
No structures, which could be equated with growth rings, were 
found in any of the 60 animals examined. Regions of differential 
staining were observed ,n many sections of teeth and periodontal bone, 
but they were not uniform in number between different regions of the 
same tooth, nor between different teeth in the same individual. Further-
more, they did not provide information consistent with known age derived 
from epiphysial fusion of the phalanges. Fusion of the epiphyses of the 
phalanges, however, is useful only to separate animals of less than 
about three months. Young E. vul turnus at Durras were recognizable 
on this basis in February, but not in April. Tooth wear, particularly 
of the canines, appeared to provide a reliable means of distinguishing 
young from adults until about the end of winter. 
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Efforts to maintain Eptesicus 1n captivity were unsuccess-
ful, primarily it would seem because of the problems of adequately 
feeding them. A few individuals of each species survived until October, 
but they all showed signs of dietary inadequacy - fur loss and body 
weights much less than those of their free-living counterparts. 
Discussion 
The sequence of reproductive and associated events which 
occurs in the three species of Eptesicus is similar in most respects 
to those which are common to male (Gustafson, 1979) and female (Oxberry, 
1979) hibernating bats elsewhere. Females become sexually mature in 
their first year, whereas males do not, a feature also known to be 
widespread amongst vespertilionids (Tuttle and Stevenson, 1982). Both 
sexes accumulate fat deposits in late summer and autumn, but females 
begin to do this earlier and accumulate more than males, as occurs in 
several species of Myotis (Ewing et ai, 1970; Krulin and 
Sealander, 1972). 
However, Tidemann (1982) observed that male E. vultuI'rl.us 
behaved more like non-hibernating animals over winter than females, 
which remained relatively inactive. He hypothesized that this was 
because males actively sought out females with which t o copulate during 
this time. The present study appears to provide three reasons for males 
to do this, when low temperatures and food availability would seem to 
dictate that they remained in torpor. 
Firstly, not all females are 1n oestrus at the beginning of 
winter. Although only two E. vuiturnus were in this category, 1n some 
other species the proportion is much higher (Strelkov, 1960). Copula-
tions after autumn are obviously necessary if these females are to 
reproduce. That most, or all, E. vui turnus do is indicated by the 
fact that all trapped in December (14) were lactating. 
l 
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The second reason is that spenn deposited in females in autumn 
does not necessarily remain until ovulation in spring. Some females of 
all three species of Eptesicus in this study were trapped during 
winter with partly or completely depleted spenn stores. A number of 
experiments have now been conducted to show that spenn stored in female 
reproductive tracts can survive in a viable condition over winter 
(summarised by Racey, 1979) and animals taken from hibernacula show only 
very low clearance rates (Krutzsch et ai, 1982). On the other hand 
there are studies which show that stored spenn can be voided under 
certain conditions, particularly if females become active during torpor 
(Guthrie, 1933; Wimsatt, 1944a; Krutzsch, 1975). The bats described 
in the ~resent study were not taken from hibernacula, but were caught 
actively flying. The low female capture rates of E.vuiturnus over 
winter (Tidemann, 1982) indicate that the proportion of the population 
which arouses at any one time is small, but that over the entire winter 
a significant proportion of the population may arouse and be rendered 
susceptible to spenn loss. By contrast, one would expect animals taken 
from hibernacula to possess stored spenn. 
Irrespective of whether spenn stores remain viable over 
winter, there is a third reason for males to copulate at this time. 
There would be a selective advantage for individuals which repeatedly 
inseminated the same or several females, simply in tenns of maximising 
the chances of providing the spenn which ultimately fertilize the ova 
released in spring. This could occur in species of which the vagina is 
not occluded by a plug after copulation, or in others from which plugs 
are voided periodically. Some female RhinoLophus hipposideros taken 
from hibernacula do not possess plugs (Gaisler, 1966) and R.ferrumequinum 
sometimes void plugs, particularly during the early part of hibernation 
(Racey, 1975). Eptesicus without plugs are sometimes caught during 
winter (Kitchener and Halse, 1g78; this study) and Phillips and Inwards 
(1985) demonstrated convincingly that NyctophiLus gouLdi void plugs 
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fairly frequently, at least in captivity. Once a female has voided a 
plug she is capable of being re-inseminated. Even if she retains some 
sperm from the previous mating, the sperm of another male may ultimately 
fertilize the ovum. Suich an event has been experimentally demonstrated 
in the guinea pig, in which the vagina is usually occluded by a plug 
after copulation. If the plug is removed and the female presented with 
a male of a colour different from the original male, offspring sired by 
the second male can be produced (Martan and Shepherd, 1976). 
In species which do not form copulatory plugs there is no 
mechanical barrier to repeated inseminations. In Myotis lucifugus 
the vagina and uterus become distended with semen from multiple matings 
( Thomas et al, 1979). The e 1 ement of f ema 1 e choice, usu a 1 in 
mammalian mating behaviour, is evidently lacking in sperm-storing bats, 
for many copulations between active males and torpid females have been 
reported (Wimsatt, 1945; Strelkov, 1960; Thomas et al, 1979; 
Phillips and Inwards, 1985). Even non-torpid females appear to assume a 
very passive role in mating (Wimsatt, 1945). 
Obvious limits to this type of behaviour must be imposed by 
eventual depletion of male sperm stores and by the well demonstrated 
ability of females to store sperm for extended periods. Also like male 
Hypsignathus during lekking (Bradbury, 1979), these species appear 
to be playing a dangerous energy game. lo doubt, arousals from torpor 
are more frequent at lower latitudes. Significantly, in the tropical 
sperm-storing species Pipistrellus murrayi males are much more 
active when females are in oestrus than when they are not, even though a 
copulatory plug is formed (Tidemann and Yorkston, unpublished). 
Selection, as remarked upon by Thomas et al (1979), would 
favour those males which mated only when females were capable of 
maintaining sperm stores. The problem males may be faced with is that 
-
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and which not. The rates at which spenn or plug loss occurs is unknown, 
but are presumably low compared with the number of females which 
maintain spenn and plugs for the duration of the hibernation period. 
However, vagaries of the weather may be such that a significant 
proportion of females arouse from torpor, with consequent sperm and/or 
plug loss, at times impossible to predict. Likewise, the actual time of 
ovulation is not dependent on photoperiod, which would be predictable, 
but on temperature, which is not (Oxberry, 1979). The variability in 
the timing of female reproductive events seen in E.vultupy;zus in one 
year and in the other species over several years bears this out. 
How males detennine which females are capable of being re-
inseminated is unknown, but they may do it simply on a trial and error 
basis. The observation that M.lucifugus sometimes copulates with 
torpid males as well as females (Thomas et al, 1979) supports this 
notion, although this species does not fonn a copulatory plug. 
Alternatively, plugs could contain a phenomone which inhibits mating 
behaviour, as is known to occur in garter snakes (Ross and Crews, 1977). 
That penile spines in bank voles apparently function function to remove 
plugs from females (Milligan, 1979) suggests that some quite bizarre 
adaptations have evolved to promote the genetic investment of one male 
to the detriment of another. 
The overwintering behaviour of male ~penn-storing bats seems 
to fit readily into this general framework, although the situation may 
be more complicated than 1n other species because plug tenancy in the 
vagina does not necessarily last until fertilization is complete. In 
insects (Parker, 1970), rodents (Martan and Shepherd, 1976; Voss, 1979; 
Voss and Linzey, 1981) and snakes (Devine, 1975, 1977; Ross and Crews, 
1977) which protect their genetic investment with a plug the interval 
between insemination and fertilization is relatively short, so that 
females are rendered functionally monogamous. It has been suggested 
-- ~ 
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that rodents which do not form plugs are more likely to be behaviourally 
monogamous than those which do (Hartung and Dewsbury, 1978; Voss, 
1979). However, M.lucifugus does not form a plug, but has a mating 
system which is randomly promiscuous (Thomas et ai, 1979), which 
indicates that this is not necessarily the case with bats. The 
observation that Pipistrellus pipistrellus fonns both plugs and 
harems (Gerell and Lundberg, 1985) suggests that these mechanisms are 
not mutually exclusive, at least in bats. 
Although various studies have used regions of differential 
growth in teeth to derive ages of mammals, including bats (for example, 
Linhart, 1973; Schowalter et ai, 1978; Grue and Jensen, 1979), 
they did not appear to be a useful method in Eptesicus. Neither are 
they reliably correlated with age in the megachiropteran Pteropus 
melanotus (Tidemann, unpublished) and Phillips et ai (1982) concluded 
that growth rings were not a reliable index of age 1n any of the m1cro-
chiropterans which they examined (including some of known age). Other 
methods of ageing bats, which may be more useful, are reviewed by Baagoe 
(1977a,b). 
The three species of Eptesicus discussed 1n this paper, in 
common with most other bats 1n southern Australia, do not roost in 
caves, but occupy very small holes in trees on a year round basis 
(Tidemann and Flavel, in press). For this reason, in contrast to 
cavernicolous species, tree hole bats are difficult to access, 
particularly during winter when some important reproductive events 
occur. Although some adapt well to captivity (Phillips and Inwards, 
1985) other do not. If these species could be persuaded to set up 
colonies in artificial roosts many central questions about their life-
styles could be answered. 
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Table 1. Predictions from BIOCLIM (Nix et al. unpublished) for mean 
monthly maximum and minimum temperatures, rainfall and photo-
period for the locations Durras (1500 17'E, 350 38'5, altitude 
50 m) and Tallaganda (1490 31 'E;, 350 39'5, altitude (1000 m). 
Daylength is the same at the two locations. 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
Photoperiod (h) 
14.3 13.4 12.4 11.2 10.3 9.8 10.0 10.8 11.8 13.0 14.0 14.6 
Maximum Temperature (OC) 
Durras 25.0 25.3 24.0 22.3 18.6 16.4 16.0 16.8 18.8 20.8 21.9 24.0 
Tallaganda 23.3 23.6 21.2 17.5 12.9 10.0 8.8 10.0 13.2 17.0 19.1 21.9 
Minimum Temperature (OC) 
Durras 16.4 16.8 15.5 12.9 10.0 8.1 7.0 7.6 8.8 11.3 12.7 14.7 
Tallaganda 10.0 10.6 8.4 4.8 1.8 -0.1 -1.1 0.2 1.8 4.9 6.4 8.7 
Rainfall (mm) 
Durras 100 115 131 118 135 154 76 71 66 
Tallaganda 79 70 77 61 60 67 61 63 60 
95 86 87 
78 70 77 
Legend to figures 
Figure 1. Seasonal changes in male E. vulturnus at Durras 
(Means+ SD; sample sizes are shown by superscripts). 
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(a) Plasma testosterone concentration. (b) Seminiferous 
tubule diameter. (c) Accessory sex gland complex weight. 
Figure 2. Seasonal changes in ovarian follicle diameter of female 
E. vulturnu at Durras (Means+ SD; sample sizes are 
shown by superscripts). (a) Graafian follicles. 
(b) Secondary follicles. Ov , ovulation; horizontal arrow, 
mean maximum follicle diameter; subscript, mean number of 
follicles. 
Figures 3-9. Photomicrographs of the reproductive organs of female 
E. vulturnu illu strating various stages in the cycle. 
3 . Cross-section of ovary showing a large Graaf ian follicle 
(follicle of hibernation): ov , ovum; v , vesicles. 
Scale line 100/'-m. 
4. Sperm storage site at isthmus of oviduct: sp , sperm 
commonly aligned perpendicular to uterine endometrium. 
Scale line 50f-m, 
5. Sperm storage 1n uterus. Sperm are commonly aligned 
perpendicular to the endometrium and are also present 1n 
uterine glands: p , sperm; ug , uterine glands. 
Scale line 100,JJ-m . 
6. Lower portion of copulatory plug in vagina. Plug is 
acellular except for inclusion -of sperm, which extends 
from the centre to the periphery of the plug: 
cp , copulatory pl ug ; sp , sperm; vu , vulva. 
Scale line 50~m . 
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7. Portion of the uterus of an individual which has no 
copulatory plug in the vagina, but possesses a mature 
Graafian follicle in the right ovary. Occasional spenn 
are present, but the great majority have been replaced 
by polymorphonuclear leucocytes: sp, spenn; upper 
arrow, uterine gland; lower arrow, uterine lumen. 
Scale line 50 µm. 
8. Ovum released into the peri-ovarian space. It 1s still 
surrounded by the cumulus oophorus: ov, ovum; ut, 
uterus containing spenn in the lumen. The convoluted 
oviduct describes an arc between the ovarian bursa and 
the uterus. Scale line 500 µm. 
9. A recently fertilized ovum 1s present in the oviduct of 
this individual. Two polar bodies are evident. The 
follicle from which the ovum has been released can be 
seen in the ovary: fo, follicle; pb, polar bodies; 
ov, ovum. Scale line 100 µm. 
Figure 10. Seasonal changes in the percentage lipid of the dry carcase 
weight of E.vuiturnus at Durras. Each symbol represents 
one individual: solid symbols, males; open symbols, females. 
Figure 11. Seasonal changes in seminiferous tubule diameter of male 
Eptesicus at Tallaganda (Means± SD, ranges or individual 
values). Data from several years are combined. 
(a) E.vulturnus. (b) E.reguius. (c) E.sagittula. 
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Abstract 
Tree hole bats are adaptable enough to roost in cavities in 
man-made structures if these approximate natural hollows. Commonalities 
between occupied sites in buildings and trees were examined 1n an 
attempt to identify the factors involved in their selection by bats. 
Eptesicus vulturnus, Chalinolobus morio, Nyctophilus geoffroyi, 
N.gouldi and Mormopterus planiceps all selected roosts with entrances 
and cavities having one dimension not much larger than themselves. None 
was far from water and although there were significant differences 
between species values of some roost attributes the similarities between 
them are probably more important. A high degree of variability in most 
measured attributes suggests that none of these species is highly 
selective. Colony size was variable, but tended to be small and 
segregated by sex and species. Possible reasons for these behaviours 
are discussed. 
The implications of these findings for management and research 
are considered and a design for an artificial roost is presented. 
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Introduction 
Hollows 1n trees are an important natural resource throughout 
timbered areas of the world as refuges for a wide variety of animals. 
This is particularly so in Australia, where mature Eucalyptus trees 
provide a rich array of holes of various sizes and a corresponding suite 
of fauna has evolved to live in them. Species of birds which use tree 
holes, primarily as nesting sites, are more common in Australia than in 
North America or southern Africa (Saunders et ai, 1982) and about 
half the Australian species of possums and gliders use tree holes for 
diurnal shelter and breeding sites (Menkhorst, 1984a). More than half 
of the 50 species of microchiropteran bats which occur in Australia are 
known to roost and breed in tree holes and in southern Australia the 
proportion is much greater (data from Strahan, 1983). 
Tree holes, however, are relatively ephemeral in existence and 
as trees die, and eventually fall, they are lost from the ecosystem. In 
a stable situation they are continually being replaced by younger trees, 
but where this continuum is broken, tree holes may become a limiting 
resource for species dependent on them. In many areas of Europe the 
impact of settlement has been such that natural hollows have all but 
disappeared (Stebbings, 1974; Mead, 1981) and in North America similar 
processes are occurring (Conner, 1976; McComb and Noble, 1980). A 
recent paper remarks upon the unusual circumstance of finding a 
maternity roost of the commonest tree hole breeding bat of North America 
in a tree, rather than 1n an artefact (Barclay and Cash, 1985). Various 
studies in Australia have drawn attention to the fact that animals 
which are dependent on tree holes are prone to serious depletion if tree 
succession is arrested or inhibited by agricultural or forestry 
practices (Cowley, 1971; Tyndale-Biscoe and Calaby, 1975; Disney and 
Stokes, 1976; Mcllroy, 1978; Saunders, 1979; Saunders et ai, 1982; 
Calder et ai, 1983; Menkhorst, 1984a). Saunders et ai (1982) have 
shown that nesting hollows will soon become a critically limiting , 
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resource for cockatoos in agricultural areas of south-western Australia. 
In the face of ever-increasing land use pressures on areas of natural 
vegetation it is important to conduct research into the ecology of tree 
holes and tree hole animals before they become seriously reduced in 
number. 
Information on the types of cavities used as refuges by tree 
hole animals is fundamental to an understanding of their ecology and to 
the management of refuge areas for their continued survival. However, 
although it is well recognised that many species in Australia are 
dependent on tree holes, little attention has been directed towards 
establishing these habitat requirements for such species. Exceptions 
are the animals studied by Saunders (1979), Saunders et al (1982), 
Smith (1982), Calder et al (1983), Menkhorst (1984b) and Wardell-
Johnson (1986). Tree hole bats are no exception, even though they are, 
more than most animals, intricately bound to these refuges. They not 
only spend inactive periods in them (which in winter may amount to 
months on end), but also rear their young in them. It has been 
estimated that bats spend half their lives subjected to the selective 
pressures of their roost environments (Kunz, 1982). 
Like obligate cavernicolous bats, tree hole bats are adaptable 
enough to roost in man-made structures if these are of appropriate 
dimensions and provide a suitable microclimate within (Dalquest and 
Walton, 1970; Gaisler, 1979; Kunz, 1982; Strahan, 1983; Barclay and 
Cash, 1985; Stebbings and Walsh, 1985). These observations support the 
contention that the origin of a hole is of little importance to a bat, 
provided certain other requirements are met. It seemed reasonable to 
suppose, therefore, that roosts in artificial structures could be 
considered along with those in trees and that the characteristics which 
determined their suitability must be common to both. Bearing these 
considerations in mind, and the fact that colonies of bats in buil~ings 
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are often more readily found and examined than those in trees, a scheme 
of roost descriptors was devised which could be applied equally to holes 
in trees and to cavities in man-made structures. 
The advantages of living in tree holes, as distinct from other 
types of refuges, fall into two categories: mechanical protection from 
predators and microclimate modification. Roost descriptors were chosen 
on the basis of whether or not they could affect either of these 
functions. Protection from predators would seem best to be provided by 
the use of holes with entrances not much larger than the animal itself. 
Indeed, many species of tree hole animals, particularly small ones, have 
been found to select holes with this characteristic (Moeed and Dawson, 
1979; McComb and Noble, 1981b; Smith, 1982; Van Balen et al, 1982; 
Menkhorst, 1984b). This behaviour would also have the advantage of 
precluding access by larger competitors for the resour~e. Microclimate, 
at the site level, can be affected by many factors, among which are 
height above the ground, site aspect and slope (Rosenberg et al, 
1983). Characteristics of the cavity itself, primarily those of 
entrance orientation, size and wall thickness, can further influence the 
microclimate experienced by the occupants (McComb and Noble, 198".tcr; 
Calder et al, 1983). 
One of the disadvantages experienced by all refuging animals 
(see Hamilton and Watt, 1970) is that they must, of necessity, commute 
between the refuge and other essential resource~, such as feeding and 
watering sites. Not enough is known at this stage to assess suitable 
foraging habitat for tree hole bats. Little is known, either, about the 
free water requirements of these animals (see McNab, 1982), but water 
turnover studies of several species suggest that they may need to drink 
when lactating (S.J. Inwards, pers. comm.) and it is a common experience 
to catch large numbers of bats over water, particularly in summer. 
Distance from water could, therefore, affect the suitability of a tree 
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hole for occupation, particularly by a maternity colony. 
The primary objective of this study was to collect information 
on the roosts of tree hole bats to enable the fonnulation of hypotheses 
about the factors affecting their choice and to suggest methods whereby 
they could be tested. It is hoped that this study will stimulate the 
subsequent testing of these hypotheses, leading to a better understanding 
of the ecology of these animals and a basis for their management. We 
have avoided the use of tenns such as arborophilous and anthropophilous 
(Verschuren, 1957) to describe them, as the distinction seems an artifi-
cial one and conveys little infonnation 1n an ecological sense. House-
building people have occupied this country for barely 200 years, 
scarcely enough time for the evolution of behaviour dependent on their 
dwellings. We have used instead the tenn tree hole bats, even though on 
occasion they roost and breed in man-made structures. 
Materials and Methods 
The locations of bat roosts were primarily sought from the 
public by media appeals in Adelaide and Canberra. An attempt was made 
to time media coverage (T.V., radio, newspapers) to coincide with the 
time when roosts are most obvious because of the summer peak 1n bat 
activity and the presence of juveniles in the roosts. This was more or 
less successful: December 1982 and March 1983 in Canberra; January 
1983 and February 1984 in Adelaide. Infonnants made preliminary contact 
by telephone, which, in most cases, enabled spurious reports to be tact-
fully eliminated. A site inspection was then made. 
Additional animals to supplement numbers and to include other 
species were traced to their roosts by radio tracking from the point of 
capture. These bats were captured with harp traps (Tidemann and 
Woodside, 1978) set on flyways on the south coast of N.S.W. at Durras 
and Cobargo. Transmitters were attached to bats in the mid-dorsal -
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region with cyano-acrylate glue (Selley's Superglue) after the fur had 
been lightly trimmed. Two types of 150 MHz transmitter were used: AVM 
SMI and Biotrack SSI. Both types were powered by Rayovac R212 mercury 
cells and fitted with 15 cm trailing whip antennae constructed from 
nylon coated stainless steel fishing trace (4.5 kg breaking strain). 
Packaged weight of each was about 1 g. 
Tracking was commenced on the day after release of the tagged 
animals to permit them time to return to their usual roost sites. Trans-
mitters were located using a Custom Electronics CE-12 receiver and a 
Telonics RE-2 H-pattern antenna. 
Roost exits and the number of occupants of roosts in buildings 
and tree holes were ascertained by one or more observers watching the 
location at dusk. With most tree roosts it was not possible to 
establish their precise location in any other way. 
Once a roost had been located a s~ries of attributes, which 
described various characteristics of the entrance(s) to the roost and 
the roost cavity itself, were recorded. The attributes were chosen so 
that they could be applied equally to roosts in tree holes or in man-
made structures: 
distance from water minor dimension of entrance 
height of support structure major dimension of cavity 
height of entrance minor dimension of cavity 
number of entrances cavity deviation from horizontal 
aspect of entrances minimum wall thickness 
major dimension of entrance 
Often some of these attributes were not measurable without destruction 
of the roost. In these cases they were estimated from a knowledge of 
the internal structure of the building or a flexible probe was used. 
Deviation of the long axis of the cavity from horizontal was estimated 
to the nearest 5o and entrance aspect was measured with a compass. 
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Descriptive infonnation was recorded on the age of buildings 
and the condition and size of trees and cavity wall materials. Efforts 
were made to detennine the sex, age and reproductive condition of the 
occupants of roosts as they left them at nightfall, although in many 
cases it was not possible to achieve this, because animals escaped or 
not a 11 left the roost. 
If there was more than one roost in the same structure and the 
cavities were not connected they were scored separately. Where there was 
more than one entrance to a roost mean values of attributes were 
derived. If a roost was occupied by more than one species the data from 
it were included in the summary statistics for each species. Roosts 
were categorized on the basis of their occupants into two groups of each 
species: (a) predominantly females, or females and juveniles; (b) 
males only. Correlation coefficients were calculated between roost 
attributes for all roosts pooled. These were regarded as significant at 
the 5% level. Analysis of variance was applied to the data on species 
of which five or more female roosts were inspected. Where the results 
were significant differences between species values were examined by a 
modified t-test (Sokal and Rohlf, 1979). Variances were assumed to be 
unequal and were regarded as significant at the 5% level. 
It is usual with studies of this nature to measure a 
comparative set of unoccupied holes with which to compare statistically 
the characteristics of occupied holes. We have -not done that in this 
study for the following reasons: (1) one cannot assume that because a 
hole is unoccupied it is unsuitable for occupation - it may simply be a 
reflection of the local abundance of holes or of bats; (2) the problems 
of visually locating holes of the sizes actually used by bats are 
extraordinary - in many cases, even though we knew there was a radio-
tagged bat in a tree, and we knew approximately where, we could not 
locate the roost until we saw animals leaving it at dusk; (3) it would 
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be a simple matter to measure any holes which came to hand, use these as 
a comparative set and thereby create a quite unrealistic statistical 
difference between occupied and unoccupied holes. Instead we have 
chosen to assume that the mean values of attributes of holes which 
actually were occupied will tend to reflect the preferred values of 
particular bat species and the range will indicate the variation which 
is tolerable. We expected females to be more selective than males in 
their choice of roosts because (1) they roost in larger groups and (2) 
they rear young. On this basis we have commented in detail only on 
species of which we found five or more female roosts. 
In some cases it was possible to re-examine roosts during the 
winter for evidence of continued occupancy, but in others it was not 
because of one or more of the following factors: time involved because 
of distance or difficulty of access (most pronounced with tree roosts); 
the roost entrance had been blocked by the owners or the building had 
been demolished. Even when none of these eventualities occurred it was 
difficult, without destruction of the roost, to ascertain if animals 
were in occupancy or not, for during the colder months of the year, 
activity is low or non-existent. 
To generate expectations of roost entrance and cavity 
dimensions body measurements were made of a series of museum specimens 
held in the Australian National Wildlife Collection and the Australian 
National University Zoology Department Collection. For each species 
five animals of each sex were measured. Most of these came from within 
a 100 km radius of Canberra. Measurements of the largest Australian 
tree hole bat, Tadarida australis, were included for comparison with 
those of the study species. Four dimensions of each bat were recorded 
(Figure 1). Body length (with tail extended and including ears if these 
projected beyond the snout) was measured with a steel rule. The other 
measurements were made with dial calipers, to the jaws of which had 
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been affixed small plates 2 cm wide, to minimize the subjectivity of 
making measurements of soft, compressible tissue. An estimate of the 
roosting space required by each species was derived by multiplying the 
mean values of body length, body width and body depth (a rectangular 
polyhedron). 
Results 
Public response to the media requests for infonnation in 
Adelaide and environs was good with 34 structures (two trees) yielding a 
total of 46 separate roosts (some structures contained multiple roosts 
and some roosts contained more than one species). In Canberra the 
publicity campaign resulted in only five roosts being reported, all 1n 
buildings. A further 21 roosts were located on the south coast of 
N.S.W. by radio-tracking and 10 others were located by visually 
following released animals back to their roosts in the course of other 
work (Tidemann et ai, 1981; Tidemann, 1982; CRT unpublished). 
The total numbers of roosts of each species which were examined 
and the colony sizes (means± SD, or ranges) of these are shown in Table 
1. Roosts of species of which five or more female colonies were found 
have been considered in more detail. Measured attributes of these 
roosts are summarized in Table 2. 
The measured body dimensions and estimates of the space 
occupied by a roosting individual of the eight study species and 
Tadarida australis are presented in Table 3. Statistical tests have 
not been applied to these data, but it is apparent in all species that 
head depth is substantially less than body depth and that body depth 1s 
about half body width. It can be seen from Table 2 that all of the 
species considered select roosts with entrances having one small 
dimension, but none of the possibly limiting body dimensions fully 
explains the observed variation between species (Figure 2). 
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Extensive overlap between species values of most measured roost 
attributes characterizes the data set. Analysis of variance showed 
there to be significant differences between species values of the 
attributes entrance height, entrance aspect and deviation of the long 
axis of the roost cavity from horizontal. The entrances of c.morio and 
E.vuiturnus roosts were further from the ground than those of the other 
three species, which did not differ significantly from each other. The 
entrance aspect of N.geoffroyi and N.gouZdi roosts differed 
significantly from each other and from those of the other three species. 
N.geoffroyi roost entrances tended to face to the east, whereas 
N.gouZdi roost entrances were oriented to the north-west. The other 
three species used roosts with entrances facing to the south-west or 
west. N.gouZdi roosts also differed from those of other species by 
having the long axis of the roost cavity vertical, compared with the 
near horizontal roost cavities of the other species. 
Major and minor dimensions of roost entrances (whole data set) 
were significantly correlated. Somewhat surprisingly, the minor dimen-
sions of entrances and cavities were not correlated, but all species 
selected cavities with one dimension smaller than the other, not much 
larger than the minor dimension of the entrance. 
All roosts examined had entrances which were near horizontal or 
faced downwards, protecting them from the entry of rain or run-off. All 
were within a few hundred metres of a pennanent -or semi-permanent water 
source, although much variation within species was present. The age of 
37 buildings inhabited by bats was 35 ± 36 years (mean± SD) with a 
range of 1-125 years. Several owners commented that bats had colonized 
their buildings not long after the roofs had been fitted. 
Only two of the female colonies were in sites occupied by a 
female colony of another species; both were shared by C.morio and 
M.pla~iceps. By contrast, many male roosts were shared with females 
of another species, although generally they were not found with female 
conspecifics. One roost was shared by five male E.regulus and three 
male M.planiceps. One male E.sagittula occupied the same tree hole 
on its own for over 11 months. 
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For reasons discussed earlier, in most cases it was not possible 
to ascertain if summer roosts were used also in winter. However, of 
nine N.geoffroyi roosts, which were re-examined, only one showed signs 
of continued use (in the form of droppings). Three C.morio roosts and 
three M.planiceps roosts showed signs of winter occupancy, although 
estimates of the numbers of bats in occupation were not possible. One 
C.gouldii roost had been vacated by winter, seemingly as a result of 
invasion by bees, Apis mellifera. A similar instance of the apparent 
exclusion of bats by these insects was observed in one roost which 
contained male E.regulus and M.pLaniceps and at another site nine 
female E.vuLturnus were apparently evicted from a tree hole by ants, 
Polyrachis (Campomyrma) sp. 
Discussion 
Although there is a surprising degree of variation in the sizes 
of entrance holes (as in other roost attributes) chosen by the bats in 
this study, there seems little doubt that they generally conform to the 
expectation of selecting holes with entrances which are little larger 
than themselves. This behaviour is common to many other animals, parti-
cularly small ones, which use tree holes (Moeed and Dawson, 1979; McComb 
and Noble, 1981b; Saunders et al, 1982; Smith, 1982; Van Balen 
et al, 1982; Menkhorst, 1984b; Wardell-Johnson, 1986). Medway and 
Marshall (1970) found that two species of flat-headed bats, TyLonycter>is, 
selected different sized holes in bamboo for roosts and that the 
differences were primarily a reflection of body size. The minor dimension 
of the roost entrance appeared to be the most critical dimension for 
Tylonycteris, as it appears to be for the study species. 
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However, none of the body dimensions measured in this study 
adequately explain all the variation observed between mean species 
values for minor entrance dimension (Figure 2). Larger species tended 
to use larger holes than smaller ones, but the relationship is not 
perfect. In particular, the mean value obtained for the minor entrance 
dimension of N.gouldi roosts does not conform to the nearly straight 
line relationships observed between this dimension and body depth and 
head depth with the other four species. Either N.gouldi selects 
roosts on a different basis than the other species or, more likely, this 
anomaly has been produced because all except two of the roosts of this 
species were under the exfoliated bark of dead Acacia meianoxylon. 
One of the others was under exfoliated bark of a Eucalyptus botryoides 
and the roost dimensions were probably more homogeneous (and different 
from expectations) simply because of this. Overall, one would expect 
species means to represent optimal values for roost attributes, whereas 
at the local level bats, because they cannot excavate their own holes, 
must use those which are available. Saunders et ai (1982) comment on 
a similar effect with the choice of holes by cockatoos. Several authors 
report that N.gouldi roosts in buildings (Dixon, 1976; Hall and 
Richards, 1979; Hall, 1981; Strahan, 1983) and Lunney et ai (1984) 
described maternity roosts of this species in tree holes (as distinct 
from under bark). These observations support the idea that the roosts 
of N.gouldi examined in the present study were skewed towards smaller 
holes than the mean value for the species. We tentatively conclude that 
the observed relationship between mean minor entrance dimension and body 
size in the other four species is a real one. 
The significance of the relationship is more difficult to 
ascertain. Mechanical exclusion of other species from tree holes is 
almost certainly implicated, but whether of predators or competitors, or 
both, is uncertain. Alerstam and Hogstedt (1981) argued that hole 
nesting in small birds with exposed feeding niches had evolved as , 
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protection for the young from avian predators, such as corvids, which 
follow parents with food back to the nest. Support for this idea was 
provided by the finding that over 60% of birds with exposed feeding 
niches in Sweden nested in tree holes compared with only 3% of those 
which foraged in cover. The majority of bats, and certainly all of the 
study species, forage in exposed niches, which may make them prone to 
predation by birds, such as cracticids, which use a 'sit and wait' 
foraging approach. Such birds have caused dramatic mortality by taking 
bats as they leave roosts (Young, 1980) and Czechura (1983) described 
repeated captures by an Australian hobby of Mormopterus as they left 
their roost. Currawongs also forage by stripping the exfoliated bark 
from trees (CRT personal observation) and Mansergh and Huxley (1985) 
reported a C.gouldii in the stomach of a goanna. It seems likely that 
predation by climbing animals, such as goannas, pythons and marsupial 
carnivores, along with the presence of predatory birds, has exerted a 
strong selection pressure on Australian tree hole species to select 
roosts with small entrances. Significantly, Nyctophilus spp., which 
sometimes roost in more exposed situations than the other species, were 
found to be alert during the day and frequently took flight upon 
disturbance, confirming the general observation of Kunz (1982) that bats 
which roosted in exposed situations were alert for and responsive to 
predator disturbance. The much higher mean and the greater variability 
in the number of entrances to roosts used by N.geoffroyi is a further 
indication of the adaptability of this species and probably in part 
accounts for its very wide distribution (Strahan, 1983). As Humphrey 
(1975) observed of Nearctic bats, the selection of roosts must be a 
trade-off between less frequent roosts, which are relatively secure from 
predators and more abundant, but also more exposed roosts, which do not 
provide as much security from predators. In this context it may be 
significant that N.geoffroyi occurs 1n the diet of such an unlikely 
predator as the water rat (Woollard et al, 1978) and that Nyctophilus 
spp. frequently bear twins, perhaps to offset predator mortality , 
(Phillips and Inwards, 1985). Such species may need to change roosts 
frequently (see Fenton, 1983). 
Competition has probably also been a factor which has led to 
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the selection by bats for roosts with small entrances. Starlings some-
times evict Nyctaius spp. from tree holes (Mason et ai, 1972; Maeda, 
1974) and Krzanowski (1969) and Stebbings and Walsh (1985) mention birds 
as competitors with bats for roosts in Europe. A considerable number of 
birds in south-eastern Australia nest in tree holes and are of a size to 
compete with bats for roosts (Table 4). The continued spread of the 
introduced mynah and starling may be of particular significance to a 
species the size of Tadarida australis. A hollow in a pine in South 
Australia was progressively occupied (as the aperture became smaller) by 
Crimson Rosellas, Blue winged parrots, White-throated tree creepers and 
finally by a colony of tree hole bats (B. Grigg, personal communication). 
Feather-tailed gliders and bats have been found roosting together 
(Seebeck, 1977; Fanning, 1980; Calder et ai, 1983) and Antechinus spp. 
also use tree holes (Dickman, 1982; Wardell-Johnson, 1986). The fact 
that Antechinus can use holes with entrances similar to those used 
by bats in this study (Wardell-Johnson, 1986) suggests that they may be 
serious competitors, particularly in regenerating forest where tree 
holes are few. 
Perhaps the most important competitors with bats for holes are 
other bats. It has been experimentally demonstrated in the Netherlands 
that the selection by some nesting birds for hollows with particular 
entrance dimensions is directly related to competition (Van Balen et ai , 
1982). The same study found that one species actually excluded others 
by narrowing the entrance hole with mud. The al most complete segregation 
of female colonies of different bat species observed in the present 
study suggests that competition does occur, at least in areas where 
hollows are in limited supply. The extensive overlap in minor roost 
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entrance di mensions between several species and their similarity in body 
dimensions would allow considerable scope for this to happen, although 
it is likely to be less than between birds, most of which nest as 
territorial pairs (Saunders et al, 1982; Van Balen et ai, 1982). In 
view of the suggestions of carnivory by Scoteanax (Woodside and Long, 
1985) it may be significant that the smallest species, E.vu i turnus, 
selected entrance holes which closely approximated its body depth. Hollow 
sharing in other areas seems to be much more common in the larger cavities 
afforded by buildings (Ognev, 1962; Bradbury, 1977), presumably because 
species can segregate within the cavities. Humphrey (1975) found that 
most species in North America roosted in isolation from each other. 
In captivity all of the species discussed appear to prefer 
roosting in a vertical position, but a comparison of the minor 
dimensions of the mainly horizontal cavities and the body lengths of the 
species using them suggests that none of these bats actively selects 
roosts which would enable them to do this (except N.gouidi). 
Rather, the minor cavity dimensions indicate that they select hollows 
which provide only enough clearance for free movement within. What may 
be important is that a bat at the rear of a cavity, or in the middle of 
a cluster, can leave without those between it and the entrance also 
having to do so. This could be of particular importance during winter, 
when not all individuals become active at the same ti me (Tid em ann, 1982; 
Phillips and Inwards, 1985). 
Tree hole bats, because they are partially heterothennic 
(McNab, 1982), are more likely than most other tree ·ho l e ani mals to be 
governed by climatic factors in their choice of roost sites. Thus, 
Saunders et al (1982) found no particular preference for entrance 
orientation in the hollows used by cockatoos and Menkhorst (1984b) was 
unable to demonstrate a preference between north and south facing 
artificial roosts among several species of vertebrates which used t hem. 
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By contrast, both Krzanowski (1969) and Stebbings and Walsh (1985) 
commented upon the importance of direct radiation to the suitability of 
boxes for use by bats. Gestation (Racey, 1973) and the growth of young 
(Tuttle and Stevenson, 1982) both proceed in heterothennic bats more 
rapidly at higher temperatures. On this basis one might expect 
maternity roosts to be preferentially sited and oriented so that they 
received as much direct solar heating as possible. However, heat stress 
can occur (Licht and Leitner, 1967; Vaughan and O'Shea, 1976) and bats 
must be obliged to compromise between these two factors in their choice 
of roosts. The relative importance of each will vary with local climate 
and, presumably, species of bat, so that it is, at this stage, unprofitable 
to speculate upon the observed species differences in roost entrance 
orientation. In summer bats need to feed and drink and it is probably 
significant that all roosts were within a few hundred metres of water. 
Pennanent water sources obviously allow bats to drink, but it is common 
also for well watered sites to provide insect breeding grounds. 
During winter one of the main functions of a roost 1s to 
protect the inhabitants from very low ambient temperatures, which ,n 
some regions drop below zero. Consequently, wall thickness and hollow 
volume are likely to be important factors controlling suitability 
(McComb and Noble, 1981a; Calder et ai, 1983) as is the amount of 
solar radiation received (Calder et ai, 1983). Hollows also tend to 
be more humid than ambient (Verschuren, 1957; McComb and Noble, 1981a) 
and live trees, because of their high water content, can be more 
insulative than dead ones of similar dimensions (Maeda, 1974). 
The sexes of several species which live at higher latitudes 
exhibit different levels of activity during winter and many choose 
different hibernating conditions (McNab, 1982). The results of this 
study suggest that males and females roost apart for much of the time. 
Furthennore, male E.vuituPnus (Tidemann, 1982) and N.gouldi (Philltps 
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and Inwards, 1985) are more active than female conspecifics during 
winter. This is likely to be related to spenn storage (Tidemann, 1982; 
Tidemann, unpublished), which occurs also in E.regulus (Kitchener and 
Halse, 1978), E.sagittuia (Tidemann, unpublished), C.morio 
(Kitchener and Coster, 1981), C.gouldii (Kitchener, 1975) and 
N.geoffroyi (W.R. Phillips, personal communication). M.planiceps also 
has recently been found to store spenn (E. Crichton, personal communica-
tion). Long (1983) reports two male Scoteanax rueppellii hibernating 
on their own and Phillips et ai (1985) describe apparent year-round 
sexual segregation in roosts of Falsistreiius tasmaniensis. Together 
these observations suggest similar behaviour in these tree hole species 
to that summarized by McNab (1982), mainly of cavernicolous bats. 
The species and age of a tree containing holes is unlikely to 
be of significance to bats, except at a local level. In a regional 
context one species of tree may provide more holes than others (Saunders 
et ai, 1982; Calder et ai, 1983), but the wide distribution of all 
the study species (Strahan, 1983) compared with the more restricted 
distribution of many tree species (Costennans, 1981) suggests that 
overall particular trees will be unimportant. Gaisler et ai (1979) 
concluded that the European tree hole bat, Nyctaius noctuia, did not 
have a consistent preference for particular trees, although locally some 
species were important, reflecting simply the availability of hollows, 
most of which had been made by woodpeckers. Australian tree hole 
species must also use holes which are available as they cannot construct 
their own. Woodpeckers are absent from Australia, but termites and 
fungi take their place as agents of decay (Wilkes, 1982). 
Although we recorded differences in roost entrance height 
between several species, this seems unlikely per se to be an important 
factor in roost choice. It may be a function of local conditions or 
tree species that holes of particular dimensions are more common at one 
height than another (Gaisler et ai , 1979; Mackowski, 1984), but 
there is little difference in thennal characteristics between holes 4 
and 16 metres above the ground (Rosenberg et ai, 1983) and no 
advantage to be gained in tenns of protection from non-climbing 
carnivores. Gaisler et ai (1979) concluded that height of roosts 
above ground was unimportant to Nyctaius - what was important was 
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that there was clear access around the entrance. Our observations 
suggest that this also is an important feature for the study species, 
although it may well be more important for some than others (O'Neill and 
Taylor, 1986). However, the fact that some M.pianiceps roosts were 
barely a metre from the ground suggests that even molossids may be more 
adept fliers than is commonly supposed. 
Our observations indicate that the study species, 1n areas 
removed from habitation, are obligate tree hole users all year, 1n 
contrast to some in higher latitudes which breed 1n tree holes, but 
which are obliged to overwinter in caves because of low ambient 
temperatures (Humphrey, 1975; McNab, 1982). Some roosts remained 
occupied in summer and winter and, apart from a few exceptions, the 
study species have never been found roosting in structures other than 
tree holes or tree hole surrogates (Troughton, 1962; McKean and 
Hamilton-Smith, 1967; Ride, 1970; Dixon, 1976; Hall and Richards, 
1979; Hall, 1981; Strahan, 1983). The exceptions are C.morio, 
which roosts in caves in south-western Australia and may breed in them 
in that area (Hamilton-Smith, 1965; Hamilton-Smith, 1966; Hall, 1970), 
and a few isolated instances of individuals of other species occupying 
caves (Hamilton-Smith, 1966; Hall, 1981; Savva and Taylor, 1986). 
The age at which different eucalypts fonn hollows varies with 
the species and local conditions, but is usually of the order of 100 
years or more (Jacobs, 1955; Mackowski, 1984). There can be little 
doubt that most forest management regimes harvest trees before hoTlow 
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development is well advanced, and trees with holes are often removed to 
promote the growth of others (Mcllroy, 1978; Recher et ai , 1980; 
Mackowski, 1984). However, small hollows form as the precursors of 
larger ones (Mackowski, 1984), so that tree hole bats are probably among 
the first mammals to recolonize regenerating stands of timber. Their 
commuting abilities (Lunney et ai, 1985) give them a considerable 
advantage ,n this respect over non-volant types. Species like 
Nyctophilus, which can roost and breed under exfoliated bark, can 
recolonize regrowth areas quite quickly because dead Acacia often 
provide an abundance of these sites after only 10 or 15 years (CRT, 
personal observation) and the abilities of the smaller species to gain 
access to cavities through holes made by large wood-boring insects 
(cerambycid beetles, hepialid and cossid moths) would enable them to 
occupy these well before they became available to other animals (see 
Mackowski, 1984). Colony sizes are well suited to the efficient 
exploitation of a scattered resource. 
Where eucalypt forests are replaced with plantations of 
conifers the formation of hollows 1s very infrequent, partly because the 
natural tendency of conifers to form hollows is low (McComb and Noble, 
1980; Van Balen et al, 1982), but also because in managed forests 
the trees are not left long enough for hollows to form (Cline et ai, 
1980; Mannan et ai, 1980; Davis et ai, 1983). However, one 
roost was found in a pine in southern South Australia (B. Grigg, 
personal communication) and Daniel (1981) reported two colonies of 
Chalinolobus tuberculatus in Pinus in New Zealand. The obvious 
conclusion is that to preserve tree holes for bats, as for other 
obligate tree hole species, refuge areas providing a continuum of tree 
ages, probably over toposequences to provide a range of microclimates, 
are required. Current forest management programmes rarely achieve this 
and agricultural practices even less frequently. This is of considerable 
concern when one realizes that of the 'timbered' area of Australia·, 
about 88% is given over to agricultural pursuits (Breckwoldt, 1981), 
from which land standing timber is being removed in ever increasing 
quantities for firewood. 
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Further research is necessary to test precisely the effects on 
choice of roost site of the factors discussed in this paper. It is our 
opinion that the most efficient and cost-effective way to do this would 
be by the use of artificial roosts in areas with few natural hollows. 
These have been in use in Europe and North America, mainly as a 
conservation measure, for many years (Krzanowski, 1969; Stebbings, 
1974; Gaisler, 1979; Greenhall, 1982; Stebbings and Walsh, 1985) and 
Gerell and Lundberg (1985) were able to study the social structure of 
Pipistreiius in Sweden by using artificial roosts in a pine plantation 
devoid of natural ones. Recent studies have also demonstrated their 
utiliity in the study of other tree hole species in Australia (Calder 
et ai, 1983; Menkhorst, 1984a; Wardell-Johnson, 1986). Suckling 
et ai (1983) successfully reintroduced sugar gliders into a 
regenerating area by providing artificial roosts and Tidemann (1986) 
suggested that Chalinol obus goul dii could be reintroduced to Norfolk 
Island by the provision of roost substitutes. The benefits of using 
artificial roosts for research on tree hole animals are that their 
numbers, dimensions and location can all be experimentally manipulated 
and the occupants can be examined with minimal effort and disturbance. 
To this end, and bearing the dimensions of occupied roosts in mind, we 
have designed and constructed artificial roosts -(F i gure 3) and we have 
set up a pilot project using 60 of these in an area of southern New 
South Wales which will be partially cleared and planted with pines 
(Margules, 1985). It is hoped that this paper may sti mulate others to 
do likewise. 
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Table 1. Numbers of roosts of each species examined, the proportions in tree holes and man-made 
structures and the respective colony sizes of predominantly female and male colonies 
(Means± SD or ranges). 
Little forest Eptesicus Eptesicus vuLturnus 
King River Eptesicus E.regulus 
Large forest Eptesicus E.sagittula 
Chocolate wattled bat ChaLinoLobus morio 
Gould's wattled bat C.gouLdii 
Geoffroy's long-eared bat NyctophiLus geoffroyi 
Gould's long-eared bat N.gouLdi 
Little mastiff bat MoPmopterus planiceps 
Roosts 
in 
trees 
4 
1 
4 
2 
2 
0 
11 
1 
Roosts 
in other 
structures 
4 
5 
1 
4 
3 
28 
0 
12 
Predominantly 
female colonies 
n size 
6 11.7 ± 6.6 
3 66.0 ± 22.5 
2 5 - 6 
5 37 .6 ± 31.1 
2 8 - 11 
18 19.6 ± 9.6 
6 13.8 ± 8.6 
12 36.6 ± 26.2 
n 
2 
3 
2 
1 
3 
10 
5 
1 
Male 
colonies 
size 
1 
4.6 ± 1.5 
1 
1 
1 ± 0 
1 ± 0 
1 ± 0 
3 
N 
0 
~ 
Table 2. Summary of entrance and cavity attributes of female roosts of five species of tree hole bats 
(Means± SD, or range). 
E.vuttUP?'IUB C. morio N. geoffroyi N. goutdi 
n 6 5 18 6 
Entrance attributes 
Distance to water (m) 157 ± 89 232 ± 214 304 ± 490 200 ± 158 
Number of entrances* 1.3 (1-3) 1.4 (1-3) 3.8 (1-23) 1.0 ( 1) 
Height above ground (m) 12.6 ± 11.3 10.5 ± 9.9 3.8 ± 1.2 4.4 ± 3.4 
Major dimension (cm) 35.9 ± 50 8.3 ± 4.0 72 ± 154 54.0 ± 56 
Minor dimension (cm) 1.2 ± .8 3.2 ± 3.0 3.8 ± 4.6 2.4 ± .8 
Aspect (0-359°) 258 ± 78 203 ± 78 120 ± 103 306 ± 49 
Cavity attributes 
Minor wall thickness 19.0 ± 39.3 2.4 ± 4.3 1.6 ± 2.7 2.8 ± 2.6 
Major dimension (cm) 239 ± 340 490 ± 503 448 ± 393 77 ± 70 
Minor dimension (cm) 3.5 ± 2.6 3.8 ± 2.5 6.5 ± 5.1 2.4 ± 1.3 
Deviation from 
horizontal (0-90°) 3.3 ± 6.1 25.0 ± 17.3 7.5 ± 46 90.0 ± 0 
33 
M. pt anicepa 
12 
300 ± 321 
1.3 (1-3) 
4.8 ± 1.9 
11.6 ± 4.6 
2.1 ± 2.2 
214 ± 106 
9.1 ± 15.7 
241 ± 264 
6.2 ± 5.3 
10.8 ± 17.4 
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Table 3. Body dimensions of the study species and of the largest Australian 
tree hole bat, Tadarida austraLis. Linear dimensions in mm 
(Means± SD); volume in cc (Species means). Based on five animals 
of each sex of each species. 
Body length Body width Head depth Body depth Volume 
Eptesicus vu'lturnus 70 ± 4.8 24.4 ± 1.3 8.2 ± 0.9 11.0 ± 0.5 19 
E.regu'lus 73 ± 3.8 26.4 ± 2.1 8.5 ± 0.5 11.3 ± 0.9 22 
E.sagittuLa 77 ± 3.1 27.1 ± 2.2 9.5 ± 1.0 12.4 ± 0.6 26 
ChaLinoLobus morio 90 ± 3.6 27.2 ± 1.6 9.8 ± 0.5 13.0 ± 0.6 32 
C.gouLdii 100 ± 3.6 30.9 ± 2.2 12.1 ± 0.8 15.5 ± 0.8 48 
Nyctophi'lus geoffroyi 97 ± 2.7 28.7 ± 3.6 10.4 + 1.3 13.6 ± 1.2 38 
N.gouLdi 108 ± 6.3 29.8 ± 2.3 11.5 + 0.5 15.0 ± 1.2 48 
Mormopterus pLaniceps 87 + 3.4 28.3 ± 1.5 8.6 ± 0.2 12.3 ± 0.5 30 
Tadarida austraLis 132 ± 7.0 42.5 ± 3.8 17.8 ± 1.2 21.6 ± 0.9 121 
Table 4. Birds which roost or nest ,n tree holes, occur in south-
eastern Australia and are of a size which would potentially 
enable them to compete with tree hole bats for roost sites 
(derived from Beruldsen, 1980 and Reader's Digest, 1976). 
+ Owlet nightjar 
* 
* 
Sacred Kingfisher 
Tree martin 
Blue-winged parrot 
Elegant parrot 
Turquoise parrot 
Little lorikeet 
Musk l ori keet 
Buff-rumped thornbill 
Chestnut-rumped thornbill 
White-throated tree creeper 
Red-browed tree creeper 
White-browed tree creeper 
Brown tree creeper 
Striated pardalote 
Common starling 
Common myna 
+ 
* 
occupies holes year-round 
introduced species 
Aegotheles cPistatus 
Halcyon sarwta 
CecPopis nigPicans 
Neophema chPysostoma. 
N.elegans 
N.pulchella 
Glossopsitta pusilla 
G.concinna 
Acanthiza Peguloides 
A.uPopygialis 
ClimactePis ieucophaea 
C.ePythPops 
C.affinis 
C.picumnus 
PaPdalotus stPiatus 
Stur>nus vulgaPis 
AcPidothePes tPistis 
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Appendix I 
A Collapsible Bat-Trap and a 
Comparison of Results Obtained 
with the Trap and with Mist-nets 
C.R. Tidemann and D. P. Woodside 
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Aust. Wild/. Res., 1978, S, 355-62 
Zoology Department, Australian National University, Canberra, A.C.T. 2600. 
Abstract 
A design for a collapsible bat-trap is presented with details of construction and use. Results of 
trapping in six different localities in New South Wales show the new trap to be about 10 times as 
effective in capturing bats as mist-nets used in the same areas. 
Introduction 
Probably less is known about bats than any other order of mammals, yet in number 
of species they are exceeded only by the rodents. One of the reasons for this lack 
of knowledge is that, in general, bats are hard to catch. Although some techniques 
have been developed for trapping bats in flight, all have limitations and trapping 
efforts often produce little reward. Because of this, research has been mainly restricted 
to the study of colonial or cave-dwelling species with easily accessible roosts. Other 
bats have been largely neglected. 
Of the methods developed for catching bats, the most widely used is mist-netting 
(O'Farrell and Bradley 1970; Whitaker and Wilson 1971). Other workers have used 
fine wires or nylon lines stretched horizontally over a water surface to trip bats while 
feeding or drinking (Borrell 1937; Parnaby 1976). Hand-held nets (Lyman 1926; 
Purchase and Hiscox 1960), and tunnel nets (Griffin 1940) have been used successfully 
in confined spaces, and shooting is a very common way of collecting bats (Vestjens 
and Hall 1977; Youngson and McKenzie 1977). However, the need for trapping 
sites of a particular nature, or the constant attendance that is required by most of 
these methods, means that sites must be few and close together to be effectively 
managed . The number of animals and species caught, and their condition on capture, 
are all dependent or. the collecting technique used. 
A very useful tool for capturing bats was first developed by Constantine (1958) 
and later improved by Tuttle (1974). The Constantine trap, based on a bank of 
vertical wires that arrested bats in flight, did not harm the bats and required no 
attendance. However, it was a rather bulky structure and proved too cumbersome for 
general use as a portable trap. Tuttle improved the effectiveness of the original design 
by using a double bank of strings, but the weight and bulk of the trap and the time 
required to set it up still imposed severe restrictions on its use. 
We have developed a collapsible bat trap, based on these original designs, that 
can easily be carried and assembled by one person; we present here details of the 
trap and a comparison of some results obtained by using mist-nets and the new traps 
in eastern Australia. 
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Construction and Assembly of Trap 
The trap has a rectangular body, bearing two vertical banks of nylon lines, and 
two detachable hips, which support four adjustable legs and the bat-collecting bag 
(Fig. 1). The assembled trap measures 158 by 183 cm (not including the height of the 
legs) and telescoping sections of aluminium tubing allow the trap to be collapsed 
into a bundle 95 cm long and 15 cm in diameter, weighing 7 kg. 
The frame consists of two uprights and two cross-bars, which fit together to form 
the rectangle. The uprights and cross-bars are each constructed of two half sections 
of aluminium tubing, one half telescoping inside the other, so that each section can 
be collapsed to half its extended length. A clamp on each section is used to make 
the frame rigid. 
Fig. 1. Collapsible bat trap set on track in Eucalyptus maculata forest in southern New South 
Wales. A flyway is formed by vegetation beside and above the trap. Species captured here 
were Eptesicus sp. A and sp. B, Chalinolobus morio and Nycticeius orion. The trap figured is 
an earlier model than that described in text. Photo by Ivan Fox. 
A small transverse plate is fixed to the inside of each corner of the frame and a pair 
of line-carriers is positioned at the top and bottom of the frame by means of these 
plates. Nylon lines are stretched vertically between top and bottom line-carriers to 
form two parallel line banks. Each bank is held 3 · 2 cm out from the centre of the 
frame at the top and bottom. The line-carriers are tubes which are grooved along 
their length at 2 · 5-cm intervals to receive the lines. Each line-carrier can be separated 
into two parts. 
Four legs of adjustable length fit into the hips, which also bear bars for supporting 
the bag. The bag ( 158 cm long and 63 · 5 cm deep) is made of strong calico or light-
weight canvas. A lining of PVC sheeting (0 · 2 mm thick) is sewn into the bag to cover 
each end and three-fifths of the depth of the material along each side. The bottom 
edge of the plastic hangs inside the bag, free of the outer material, so that bats can 
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roost between the two layers. The bag is hung from the bars on the hips by two tubes, 
which fit through sleeves at the top of the bag. These tubes can be broken into halves 
in the same way as the line-carriers. 
Construction (Figs 2-5) 
Frame. The two halves of each side of the rectangular frame are constructed of 
aluminium tubing of 22 · 23-mm o.d. (wall thickness I· 6 mm), which slides inside 
tube of 25 mm o.d. (w.t. I· 2 mm). Corners are formed by welding together sections 
cut at 45°. (It is necessary to use either eutectic low-temperature welding rods or 
argon-arc welding for joining aluminium surfaces.) Clamps are made of 2-cm lengths 
of 28 · 62-mm o.d. brass tubing (w.t. 1 · 53 mm), which fits over 25-mm-o.d. tube. 
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Fig. 2. Exploded diagram of collapsible bat-trap. AB, CD, cross-
bars of frame. EF, GH, uprights. /, J, hips. KL, MN, line-carriers. 
OP, legs. QR, bag support rods. X, clamps. Hatched, tubing of 
22 · 23-mm o.d.; other tubing in frame, hips and legs is 25 mm o.d. 
Two brass nuts are brazed to the outside of each clamp, one to take a short bolt to 
anchor the clamp to the 25-mm-o.d. tube, the other to receive a T-bolt, which passes 
through a hole drilled in the 25-mm-o.d. tube and clamps the inner section of tubing 
in place (Fig. 4). Sleeves of 25-mm-o.d. tube are riveted to the short arms of sections 
Band D, and an insert of 22 · 23-mm-o.d. tube to section A, to accept the uprights of 
the frame (Figs 2, 4). Lengths of aluminium U-channel (24 by 32 by 3 mm) are 
pop-riveted to the corners of the frame to provide supporting surfaces for the hips 
and the transverse plates (100 by 40 by 3 mm), which hold the line-carriers in place 
(Figs 2-4). 
Line-carriers. 16-mm-o.d. aluminium tubing (w.t. l · 6 mm) is grooved at 2 · 5-cm 
intervals to a depth of O· 3 mm. A strip of aluminium 4 by 2 mm is riveted along 
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the length (74 · 5 cm) of each carrier half, and the two halves are fitted together 
with inserts turned from solid rod. In order that the lines on either side of the trap 
are alternately opposed, the grooves in the line-carriers must also be offset. The 
initial groove in one set of line-carriers should be I · 25 cm from the end and in the 
other set 2 · 5 cm from the end. Pins at each end of the line-carriers settle in holes 
drilled in the transverse plates in each corner of the frame (Figs 2-4). Although the 
pin at one end of each line-carrier is fixed inside the tube, the other pin is spring-
loaded, ensuring a positive fit and allowing for expansion. The top line-carriers 
are placed 2 cm below the cross-bar (Figs 3, 4) and the bottom pair of line-carriers 
are raised 4 cm from the level of the cross-bar. This creates a gap which enables bats 
falling between the two banks of lines to pass through and into the bag below. 
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Fig. 3. Diagram showing details of hip, bottom of frame and line-carriers. D, bottom corner of 
frame. J, hip. L, N, line-carriers. The spring-loaded pin, Y, seats in the hole provided in the 
transverse plate, Z. 
Fig. 4. Diagram showing details of the four corners of frame and screw-clamps. A, B, C, D, four 
corners of collapsible frame. X, clamps. Horizontal members of frame have been foreshortened, 
Hips. Two 30-cm lengths of 25-mm-o.d. tube (w.t. l · 2 mm) are bent obliquely 
to form the leg sockets in each hip. Each piece is pop-riveted inside a 12 · 5-cm length 
of channel (24 by 32 by 3 mm), which is joined to its counterpart by a rectangular 
plate (9 by 6 by O · 3 cm) at the bottom, and a bag support bar (30 · 5 by 2 · 0 by O · 6 cm) 
at the top (Figs 2, 3). The leg sockets should be splayed outwards, away from the 
frame, to give a wide support base for the trap (Figs 1, 3). Holes arc drilled in the 
hips and the bottom of the frame to take bolts to join these members together (Fig. 3). 
The bag support bars are notched on one edge (Fig. 3) to fit bag support rods, of 
12-mm-o.d. tubing (w.t. l · 6 mm). These rods are 178 cm long and are made m 
two halves, joined together by inserts, in the same way as the line-carriers. 
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Legs. Two sizes of tubing, each section of which is 92 cm long, are used to con-
struct the legs. Both the tubing sizes and the clamps required to hold the legs at the 
desired length are the same as those used in the frame. A rubber stopper is inserted 
into the bottom of each leg to exclude sand and mud (Fig. 2). 
Bag (Fig. 5). (I) The overlap of material along the sides of the bag (S) and the 
end pieces (T) should be used to bind the ends of the plastic sheet and provide 
material surface for stitching. 
(2) Fold material and plastic back at line W (plastic on top) and stitch to form a 
7 · 5-cm pocket along each side of the bag to house the bag support rods. 
(3) At line U fold calico and plastic back, then stitch, exposing plastic along fold. 
( 4) In order to attach the end pieces to the sides of the bag, match the dots and 
solid squares (Fig. 5) and sew along seam lines with plastic sides facing each 
other and open seams on the outside. Use excess calico to bind the open 
seam for extra strength. 
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Fig. 5. Diagram showing construction of bat-collecting bag. S, T, overlap of material. U, V, W, 
fold lines. Unhatched areas represent overlays of PVC sheeting. 
Assembly (Fig. 2) 
( 1) Slide B from A to give an overall length of 158 cm and clamp (X) in this position. 
(2) Similarly adjust sections C and D to give the same overall length. 
(3) Extend F from E and clamp to give an uprignt (total length 165 cm) which 
can be fitted into D. 
( 4) G H can then be fitted into C. 
(5) Fit the top of the frame (AB) to G and E, thus completing the rectangle. 
(6) Bolt the hips (/ and J) to each end of the bottom of the frame. 
(7) Because of the alternate arrangement of lines in opposite banks, the line-
carriers for each side of the trap are different. The two sections of each carrier 
fit together to form a unit 149 cm long. Kand L (top and bottom) are fitted 
together and placed into the holes in the transverse plates in the corners 
of the frame. Likewise, Mand N can be fitted to the other side. 
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(8) Tie individual lengths of nylon monofilament line (0 · 25 mm diameter) 
between the top and bottom line-carriers on each side of the trap, using the 
grooves provided for this purpose. It is important to tie all lines to the same 
tension during the original assembly, and the same type of nylon should be 
used throughout and in any subsequent replacements. Overall tension of 
the lines can be adjusted after assembly by altering the length of the frame 
uprights. 
11 3 
(9) Fit the legs (OP) to the hips and adjust them so that the frame is aligned 
horizontally and vertically. This ensures that any bats that strike the lines 
fall directly into the collecting bag. 
(10) Fit the bag support rods (QR) together and slide them through the appropriate 
pocket along the top edge of the bag. Then place them in notches on the 
bag support plates. We have found that placing the rods in the second notch 
( 12 cm from the centre) produces the best results, but this depends on the 
species of bat being caught. 
(11) If the trap is to be used in an exposed area it is advisable to use guy-ropes to 
prevent the trap from falling over in strong wind. 
Disassembly is a reversal of assembly; the lines are rolled onto the bottom carrier 
of each bank, which can then be split into two parts. The bundles of rolled lines should 
be folded inside the bag to protect them from damage during transport. The hips 
can usually be left bolted to the frame. The collapsed sections of the trap and the 
folded bag can then be tied into a bundle. 
Table 1. Summary of results obtained by using bat traps and mist-
nets at six locations in New South Wales 
Location No. of bats caught No. of Trap Net 
In traps In nets species nights nights 
A 89 2 7 70 35 
B 26 0 4 10 0 
C 64 9 7 24 10 
D 25 0 3 2 0 
E 5 3 2 2 2 
F 7 0 3 18 28 
Total 216 14 11 126 75 
Comparison of Trapping Success with Bat-traps and Mist-nets 
We have trapped at six different localities in New South Wales. These include 
two in closed forest on the south coast (localities A and B, Table l), two in the ranges 
near Canberra (localities C and D) and two in wo_odland associations on watercourses 
further west (localities E and F) . In 126 trap-nights we have caught a total of 216 
bats of 11 species in the families Vespertilionidae and Rhinolophidae. These are 
Chalinolobus gouldii (three individuals caught at one locality), C. morio (52 individuals 
from three localities), Eptesicus* sp. A (84 individuals from five localities), Eptesicus 
• We have listed the Eptesicus species by letters, A , B, C rather than by name, as the genus is currently 
under review (J. McKean, personal communica tion). However, we feel that we can adequately 
distinguish them on the basis of measurement and general appearance. All other species comply with 
the descriptions provided in an unpublished key to the local bat fauna by G . B. Baker and L. S. Hall. 
\ 
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sp. B (14 individuals from one locality), Eptesicus sp. C (two individuals from two 
localities), Nyctophi/us geoffroyi (22 individuals from five localities), N. timoriensis 
( 15 individuals from four localities), Nycticeius orion (11 individuals from one locality), 
Myotis adversus (five individuals from one locality), Pipistrellus tasmaniensis (four 
individuals from one locality) and Rhinolophus megaphyllus (four individuals from 
one locality). 
By expanding this trapping study to include recaptures, we have accumulated 
some very promising results. At locality A we have a 17 · 2 % recapture rate of 
marked Eptesicus sp. A (n = 29), a 15 · 8 % recapture rate of C. morio (n = 19) and 
a 10·0 % recapture rate of marked N. orion (n = 10). 
It is clear from Table I that the traps are more effective than mist-nets. Seventy-five 
mist-net nights produced only 14 bats of four species, whereas 126 trap nights gave 
216 individuals of 11 species. Only once did the net captures include a species 
(Chalinolobus gouldii) not caught at the same time in a trap, and on all occasions 
when traps and nets were used together the total yield of the traps exceeded that of 
the mist-nets. If a direct comparison is made between the actual trapping area of a 
trap ( < 3 m2) and the mist-nets used (36 m 2) our results show the traps to be about 
10 times as effective at capturing bats as mist-nets. 
Use of Bat Traps 
This trap is hest used where there are natural channels down which bats may pass. 
These include sheltered roads, overgrown trails, along slowly flowing streams, 
between trees or rock faces, over waterholes and at roost entrances. In open areas 
the trap should be placed near any object which would serve to guide bats into the 
trap (e.g. under a lone tree or beside rocks). Where suitable sites are too large for 
one trap, a couple can be arranged together; one above the other or beside each other. 
Or, as Tuttle ( 1974) suggested, excess space can be reduced by nets or branches. 
If suitable sites are absent because of dense vegetation, flyways can be cleared and 
successfully trapped after allowing a period (usually several weeks) for bats to become 
accustomed to using them. 
This trapping system has several advantages over other methods. The trap is 
light, easily portable and can be set up in about 5 min. It requires no attendance, 
the worker need not be faced with entangled bats and the possibility of causing them 
harm, as is often the case when mist-nets are used, and once in the bag the bat is 
protected from weather and most predators. Because the traps require no attendance, 
several sites can be trapped at the same time, thus making the method particularly 
suitable for rapid fauna! surveys and studies of bat biology generally. 
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1. INTRODUCTION 
POPULATIONS isolated by geographic barriers accumulate genetic differen-
ces due to selection, mutation and drift. The genetic differences will be 
manifest to some extent in the phenotype, so that morphological divergence 
is expected to correlate generally with genetic divergence. Isozyme 
electrophoresis is a method of determining the extent of structural gene 
divergence between taxa, and one might therefore expect some sort 
of relationship between morphological divergence and electrophoretic 
divergence. 
In keeping with this view, congeneric non-sibling species of mammals 
show genetic distances (Nei D 's) of about O· 25-0· 50 while sibling species 
typically show Nei D's of about 0· 10 (Baverstock et al., 1977). We herein 
demonstrate however that sibling species of the bat genus Eptesicus in 
Australia are characterised by genetic distances five to ten times higher 
than this. 
2. MATERIALS AND METHODS 
A total of 52 specimens of Eptesicus from the Canberra and southern 
N.S.W. area were available for electrophoretic study. Animals were killed 
in the laboratory and livers, testes and plasma removed and immediately 
frozen at - l 7°C. Erythrocytes were stored in ethylene glycol at - l 7°C 
(Vandeberg and Johnston, 1977). A total of 36 loci were scored elec-
trophoretically by methods described previously (Baverstock et al., 1980). 
3. R ESULTS 
Details of the allele frequencies at 36 loci in the three species of 
Eptesicus are available from the authors on -request. In addition to the 
"fixed" genetic differences (i.e ., number of loci sharing no alleles) reported 
by Tidemann et al. (1981), many loci show extensive gene frequency 
differences between species. For example, E. sagittula and E. regulus share 
allele b at the Pep D locus, and therefore Pep D would not contribute to 
the fixed differences between these species. However, allele b occurs at a 
frequency of 78 per cent in E. sagittula and 16 per cent in E. regulus. 
Moreover, the alternative alleles are unique to each species. While such 
loci are not diagnostic of the species, they nevertheless clearly contribute 
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T A B LE 1 
Matrix of generic sim ila rities (I-upper right ) and generic dis tances 
(D-lower left ) for rhree species of A ustra lian Eptesicus 
E. s. E. v. E.r. 
E. sagittula 0· 44 0· 37 
E. vulturnus 0·82 0· 64 
E. regulus 0· 99 0· 44 
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to genetic divergence between the species. One way of incorporating such 
gene frequency differences into the total estimate of genetic divergence is 
to use the Nei distance (Nei 1972), which is in effect an estimate of the 
average number of codon substitutions per locus. When this is done for 
the present data (table 1), it is found that E. sagittula and E. regulus differ 
at an average of 0·99 substitution per locus and E. vulturnus and E. regulus 
at an average of 0·44 substitution per locus. 
4. DISCUSSION 
There seems little doubt that the three species of Eptesicus studied 
here constitute " sibling species" in the sense that they are morphologically 
very similar. Thus most recent reviews of Australian mammals have con-
sidered there to be one species of Eptesicus in Australia (Troughton, 1982 ; 
Ride, 1970) although various indications to the contrary exist in the 
literature (Wood-Jones, 1925 ; Hamilton-Smith 1966; McKean and 
Hamilton-Smith, 1967). Kitchener (1976) defined a new species, E. douglasi 
and McKean et al. (1978) separated Australian Eptesicus into five species 
based on an examination of bacula and other skeletal features. They 
recognised E. pumilis, E. douglasi, E. regulus and E. vulturnus as full 
species and designated a new species, E. sagittula. However, the diagnostic 
features used by these authors were not useful in separating females 
(Carpenter et al., 1978). More recently, Tidemann et al. (1981) have used 
discriminant function analysis, based on 18 skeletal measurements, to 
separate into three species E. vulturnus, E. regulus and E. sagittula, animals 
of both sexes from near Canberra and the New South Wales south coast. 
However, it should be emphasized that discriminant function analysis is a 
means of enhancing differences between groups, and many of the variables 
included in the analysis were not useful in deriving the discriminant func-
tions, because of a large degree of overlap between species. Moreover, no 
single morphological character will unequivocally classify all specimens. 
Finally, preliminary data on a larger series of Eptesicus throughout the 
range suggest that intraspecific geographic variation in Eptesicus is con-
siderably larger than that found in the study area, so that the discriminant 
analysis that was successful there may fail when used over broader geo-
graphic areas . The evidence presented above clearly indicates that the three 
species studied here have undergone very little morphological divergence, 
and constitute sibling species as defined by Wilson (1975). 
While extensive genetic divergence with little morphological divergence 
is known in invertebrates and lower vertebrates , its occurrence in mammals 
has not previously been recorded to our knowledge. Among rodents, for 
example, genetic divergence between sibling species is typically character-
l· 
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ized by a D of 0· 10 with a maximum of 0·22 (Baverstock et al., 1977). 
Among mammals in general, genetic divergence between congeneric species 
is characterized by an average D of O· 36 with an upper limit of about 1 · 20 
(A vise, 197 4 ). Therefore the genetic divergences recorded here for 
Eptesicus are five to ten times higher than those found between sibling 
species of_ rodents, and in fact near the upper limit of those characterizing 
species of the same genus of mammal. 
Sarich (1977) and Vawter et al. (1980) have shown empirically that 
Nei D is correlated with time of divergence (T). Sarich (1977) suggested 
that for "intra-cellular" loci T (MY) = 30 D. Our study included 30 loci 
that fall into this category (albumen, esterase and four peptidases were 
omitted) and these give a D of O· 81 for E. sagittula compared to E. regulus 
and E. vulturnus, and a D of O · 3 7 for E. regulus and E. vulturnus. The 
estimated times of divergence are therefore 24 MY for E. sagittula and 
11 MY for E. regulus and E. vulturnus. 
This is not to say that the divergence times are actually as ancient as 
11 and 24 MY; rather that this is the time usually required for such large 
genetic differences to accumulate. Clearly therefore, either the rate of 
morphological evolution has been remarkably slow in Australian Eptesicus, 
or electrophoretic evolution has been remarkably rapid. It is difficult to 
see how these two hypotheses might be distinguished. There is no fossil 
record of Eptesicus in Australia. Even if there was, it is highly unlikely 
that the fossil record would be of help here, simply because, given that the 
extant forms are so similar, any fossil would be difficult to place on any of 
the branches leading to extant forms (Carlson et al., 1978). What is clear 
is that even within mammals, morphological divergence and genetic diver-
gence need not be correlated. 
Whether such morphological conservation despite genetic divergence 
is characteristic of bats as a whole, remains to be determined. According 
to some authors, most notably Wilson (1975), morphological diversity goes 
hand in hand with chromosomal diversity. The present data are compatible 
with this point of view, since all three species are karyotypically indistin-
guishable, even when G-banded (unpublished data). Vespertillionid bats 
as a group tend to be karyotypically conservative (Bickham, 1979) and 
one might therefore expect to find other cases of sibling species of bats 
that are genetically divergent. We are currently investigating this possibility 
in other genera of Australian bats. 
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